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HOME COMPUTER AND GAME APPARATUS 

This application is a continuation-in-part of co-pend- 
ing application Ser. No. 812,662, filed July 5, 1977, 5 
which is a streamline continuation of co-pending appli¬ 
cation Ser. No. 635,406 filed Nov. 26, 1975, abandoned. 

The present invention relates to computers and more 
particularly to home computers and game apparatus 
adapted for use with cathode ray tube display appara- 10 
tus, such as television receivers or monitors. 

Video games typically employ a television receiver 
or monitor (hereinafter often referred to as merely “tel¬ 
evision”) to display the game symbols and figures. Each 
player usually has a control which may be manipulated 15 
to cause the game symbols on the screen to interact in 
accordance with the rules of the particular game being 
played, often under the direction of a small computer, 
or microcomputer. Similarly, the television may be used 
as a display for a computer used as a calculator. 20 

Each frame of the picture displayed on the television 
screen is comprised of a plurality of picture elements 
(pixels) which are rapidly and sequentially displayed in 
a raster scan of the television screen. One type of video 
game employs a random-access-memory (RAM) to 25 
store digital data representative of each picture element 
to be displayed on the screen. The digital data stored in 
the RAM is read synchronously with the raster scan¬ 
ning of the picture elements of the television screen. 
The digital data is converted to signals suitable for the 30 
television receiver or monitor and supplied to the televi¬ 
sion to define the particular pixels being displayed. A 
programmed microprocessor (a type of computer) may 
be used to update or modify the data stored in the RAM 
and hence modify the picture displayed on the televi- 35 
sion screen in response to signals transmitted from the 
player controls, in accordance with the microprocessor 
program. 

It is an object of the present invention to provide an 
improved computer particularly adapted for home use 40 
and having the capability of performing various game 
functions as well as normal computer and calculating 
functions. It is a further object to provide such a com¬ 
puter that is economical to manufacture. It is a still 
further object to provide such a computer adapted for 45 
use with interchangeable program storage devices. 

These and other objects of the invention are more 
particularly set forth in the following detailed descrip¬ 
tion and in the accompanying drawings of which: 

FIG. 1 is a perspective view of a specific embodiment 50 
of the present invention; 

FIG. 2 is a block diagram of a computer system of the 
embodiment of FIG. I; 

FIGS. 3A and 3B are charts illustrating the memory 
address allocations for low and high resolution alterna- 55 
tive modes of operation; 

FIGS. 4A and 4B are diagrams illustrating the corre¬ 
spondence between the memory address locations in the 
display memory with the pixels of the display screen for 
the low and high resolution modes, respectively; 60 
FIG. 5 is a diagram illustrating the correspondence of 
color registers 0-7 with particular display screen areas; 

FIG. 6 is a diagram illustrating examples of modifica¬ 
tions performed on pixel data; 

FIGS. 7A and 7B illustrate further examples of modi- 65 
fications performed on pixel data; 

FIG. 8 is a diagram illustrating the particular data 
that can be read at a plurality of input ports; 


FIG. 9 is a block diagram of a microcycler interface 
employed in the system; 

FIGS. 10A, I0B and 10C are a schematic diagram of 
the interconnections of the integrated circuit chips of 
the system; 

FIGS. 11A-11F are a block diagram of the data chip 
of the video processor of the system; 

FIGS. 12A-12G are timing diagrams of various con¬ 
trol signals of the system for various read and write 
operations; 

FIGS. 13A-Z and 13AA-EE illustrate an example of 
a circuit implementing the block diagram of FIGS. 
UA-F; 

FIG. 14 is a composite diagram illustrating the rela¬ 
tionship of FIGS. 13A-EE viewed as whole; 

FIGS. 15-39 are diagrams showing blocks of FIGS. 
13A-EE in greater detail. 

FIG. 40 illustrates the pixel data contained in regis¬ 
ters of a rotator circuit of the video processor; 

FIGS. 41-43 illustrate the relationship among con¬ 
trol, clock and synchronization signals of the system; 

FIG. 44 is a block diagram of the address chip of the 
video processor; 

FIGS. 45A-J show a more detailed circuit of the 
address chip; 

FIG. 46 illustrates a composite view of FIGS. 45A-J; 

FIGS. 47-70 are diagrams showing blocks of FIGS. 
45A-J in greater detail; 

FIGS. 71A-C are block diagrams of the input/output 
chip; 

FIG. 72 illustrates a circuit for the generation of an 
input signal; 

FIGS. 73A-M show a more detailed circuit of the 
input/output chip; 

FIG. 74 is a composite view of the FIGS. 73A-M; 
and 

FIGS. 75-97 are diagrams showing blocks of FIGS. 
73A-M in greater detail. 

The preferred embodiments of the present invention 
are hereinafter described. In general, the system com¬ 
prises a display for providing discrete picture elements 
for presentation of movable symbols and a display mem¬ 
ory for storage of digital signals representative of pic¬ 
ture elements of the display. The system further com¬ 
prises a computer having a program memory for receiv¬ 
ing digital input signals and supplying digital output 
data signals and other digital output signals representa¬ 
tive of picture elements in response to the input signals 
and program memory. A video processor means is oper¬ 
atively connected to the computer and display memory 
for selectively performing a plurality of modifications 
to the picture element output signals from the computer 
in response to the output data signals and also for trans¬ 
ferring the modified picture element signals to the dis¬ 
play memory. The video processor means is also opera¬ 
tively connected to the display for supplying signals 
thereto in response to the digital picture dement signals 
stored in the display memory whereby the picture ele¬ 
ments represented therein are displayed. 

The system shown in FIG. 1 comprises a computer 
console 10 having four player-operated control handles 
12 a-d connected by coiled line cords I4a~d f respec¬ 
tively, to the computer console 10. Thus, the console 10 
can accommodate up to four players at a time. Each 
control handle has a trigger switch 16 and a top 
mounted joy-stick 17 for actuating four directional 
switches. The joy-stick 17 has a rotatable knob mounted 
thereon which controls a potentiometer. The console 10 
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further has a keypad 18 which has a plurality of keys or 
push-buttons such as indicated at 20, and a slot 22 for 
receiving a removable cartridge or cassette 24 contain¬ 
ing stored programs. The console 10 further has a cas¬ 
sette eject button 26 for ejecting the cassette whereby 5 
the cassette 24 may be easily replaced with a different 
cassette containing different programs. 

A display for presenting movable symbols is shown as 
a standard color television receiver 28 which is con¬ 
nected to the computer console 10 by a line 30. The 10 
television (TV) has a cathode ray tube screen 32 on 
which a plurality of movable symbols such as the cow¬ 
boys 36 and 38 are presented for a “Gunfight” game. 

The picture presented on the screen 32 is made up of the 
cowboy symbols 36, 38, and a cactus symbol 40 super- 15 
imposed on a background each in one or more of a 
variety of color and intensities and comprises a plurality 
of discrete picture elements or pixels. 

A symbol’s action is controlled in part by a control 
handle. For example, the cowboy 36 may be moved up, 20 
down, left, right, up and to the left, up and to the right, 
etc., by proper movement of the joy-stick 17. The direc¬ 
tion of the cowboy’s shooting arm may be controlled by 
rotating the potentiometer control knob of the joy-stick 
17 and the gun may be fired by pulling the trigger 16. 25 
Should the bullet 41 strike the cowboy 38, the cowboy 
38 will be caused to fall by a computer system contained 
within the console 10. In addition, suitable music such 
as the “Funeral March” will be played by the computer 
through the television 28. 30 

A schematic block diagram of the computer system 
of FIG. 1 is shown in FIG. 2 to comprise a display 
memory for storage of digital signals representative of 
picture elements of the display (or pixel data) which is 
shown as a display random-access-memory (RAM) 42. 35 
The system further comprises a digital computer 44 
which is shown to include a central processing unit 
(CPU) 46 which may be a microprocessor, for example. 

The computer 44 has a program memory which in¬ 
cludes a system read-only-memory (ROM) 48 and a 40 
cassette ROM 24 connected to the CPU 46. The pro¬ 
gram memory contains instructions to direct the CPU 
46 and the symbols and figures stored in digital form for 
the particular computer functions and games. 

The cassette ROM 24 may be easily removed by 45 
pressing the ejector button 26 (FIG. 1) and replaced by 
another cassette in order to change a portion of the 
program memory. This greatly enhances the flexibility 
of the system in that a potentially endless variety of 
games and functions may be performed by the computer 50 
console 10 and TV display 28. 

The computer 44 is operatively connected to an in¬ 
put/output (I/O) chip 50 and a video processor 52 com¬ 
prising an address chip 56 and a data chip 54 through a 
microcycler interface 60. The control handles 12 a-d 55 
and the keypad 18 are connected to the I/O chip and 
provide signals in response to manipulation by the play¬ 
ers or operators to the I/O chip 50. The digital com¬ 
puter 44 receives the input signals from the I/O chip 50 
in digital form and supplies digital output data signals 60 
and digital pixel data signals in response to the input 
signals and the program memory. The I/O chip 50 has 
a music processor which provides audio signals in re¬ 
sponse to output data signals from the computer to play 
melodies or generate noise through the TV 28. 65 

The data chip 54 of the video processor 52 selectively 
performs a plurality of modifications to the pixel data 
signals from the computer in response to the output data 


signals from the CPU. The video processor is opera¬ 
tively connected to the display RAM 42 and transfers 
the modified or unmodified pixel data to the display 
memory 42 at address locations corresponding to ad¬ 
dress signals transmitted by the address chip 56. The 
computer 44 transmits the addresses to the address chip 
56 which relays the addresses to the display RAM 42. 

The video processor 52 is also operatively connected 
to the TV display 28 to supply signals to the display 
modulated by a radio frequency (RF) modulator 58 in 
response to the pixel data stored in the display RAM 42. 
The address chip 56 internally generates addresses for 
sequentially reading the pixel data stored in the display 
RAM 42 whereby the pixels represented in the display 
memory are displayed. 

The microcycler 60 interfaces the computer 44 to a 
peripheral device such as the video processor 52 and the 
input/output chip 50. The computer provides a plural¬ 
ity of address signals on a plurality of address lines, a 
plurality of data signals on a plurality of data lines, and 
a plurality of control signals on a plurality of control 
lines to the microcycler 60. The purpose of the micro- 
cycler 60 is to combine the address lines and the data 
lines from the CPU 46 into one data bus 66 to the video 
processor 52 and the I/O chip 50. 

The computer system is shown having an additional 
input device light pen 62, which provides an additional 
input signal to the computer 44. The light pen 62 is 
sensitive to light and may be used as a pointer by a 
player or operator to identify points on the TV screen 
32 as will be more fully explained later. 

The illustrated apparatus is a full-color video game 
and home computer system based on a mass-RAM- 
buffer technique in which two bits of the display RAM 
42 are used to define the color and intensity of the pixel 
on the screen 32. The display RAM 42 has eight bits or 
a byte at each memory address or location at which data 
may be read or rewritten. In this manner, the picture on 
the screen is defined by the contents of the display 
RAM which can be easily changed by modifying the 
contents of the display RAM. Data which defines pixels 
will be referred to as “pixel data”. 

The specific system of the illustrated embodiment 
uses a Zilog Z-80 microprocessor as the CPU 46 of the 
computer 44. The system ROM 48 contains software or 
programming for a plurality of games. The cassette 
ROM 24 is a solid state cassette which provides addi¬ 
tional memory whereby additional games may be 
played. These ROM’s also contain pixel data which 
represents various game figures and symbols. 

The system may be operated in a high resolution or 
low resolution mode. The high resolution mode gener¬ 
ates a greater number of pixels per unit screen area 
resulting in a higher resolution. In both the low and 
high resolution modes, the operating system ROM 48 is 
allocated the first 8K of memory space; that is, approxi¬ 
mately the first eight thousand memory addresses corre¬ 
spond to the system ROM 48 as shown in FIGS. 3A and 
3B. Thus, addresses 0000-1FFF (hexadecimal) are ad¬ 
dresses for the memory locations of the system ROM. 
The cassette ROM 24 has the next 8K of memory space, 
or memory addresses 2000-3FFF (hexadecimal, herein¬ 
after “H”) in both modes. The display RAM memory 
space begins at 16K or memory address location 4000H, 
In the low resolution mode, the display screen RAM 
has 4K bytes; in the high resolution, 16K bytes. 

The CPU can transfer the pixel data of a pattern or 
figure stored in either the system or cassette ROM to 
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the display RAM via the video processor. As noted 
before, the video processor may perform a variety of 
modifications to the pixel data before it is written into 
the display RAM. The modifications are performed by 
what will be called a “function generator” which is 5 
located on the data chip 54 of the video processor 52. 
The modifications are performed by the function gener¬ 
ator when the address bit A14 of the address of the data 
is a 0. Thus, the address of data to be modified by func¬ 
tion generator and written into the display RAM will be 10 
less than 2 14 or 3FFF H. Consequently, the address of 
the data to be modified will be between 0000 H and 
3FFF H for the high resolution embodiment and be¬ 
tween 0000 H and 0FFF H for the low. However, when 
the data is written the system actually writes the modi- 15 
fied data in the display RAM at locations corresponding 
to addresses 4000- and 4FFF H for the low resolution 
model and 4000 H-7FFF H for the high resolution 
model. The system distinguishes a memory read from 
ROM addresses 000-1FFF H from a memory write to 20 
modified data display RAM addresses 0000-1FFF by 
circuitry external to the ROM and RAM chips shown in 
FIGS. 10A and B. 

All memory space above 32K (memory location 8000 
H) is available for expansion. In the low resolution 25 
mode, memory addresses 5000-8000 H are also avail¬ 
able for expansion. 

In the illustrated computer system, two bits of display 
RAM 42 are used to define a pixel on the screen. Thus, 
an 8-bit byte of the display RAM defines 4 pixels on the 30 
screen. In the low resolution mode, 40 bytes are used to 
define a line of data as shown in FIG. 4A. This gives a 
horizontal resolution of 160 pixels. The vertical resolu¬ 
tion is a 102 lines. The areas 610 of the screen defined by 
the display RAM 42 therefore requires 102x40=4080 35 
bytes. More of the RAM 42 can be used for scratch pad 
by blanking the screen before the 102nd line is displayed 
as will be described more fully later. 

In the high resolution mode, there are 80 bytes or 320 
pixels per line as shown in FIG. 4B. The vertical resolu- 40 
tion is 204 lines thus requiring 16,320 bytes of display 
RAM. This leaves 64 bytes of RAM for scratch pad 
memory. 

In both the high and low resolution modes, the first 
byte of the display RAM 42 (address 4000 H) corre- 45 
sponds to the upper lefthand corner of the area 610 of 
the display screen 32 defined by the display RAM. The 
last byte of the first line in the low resolution mode has 
address 4027 H with the last byte of the first line in the 
high resolution mode having address 404F H. In the 50 
low resolution mode, the highest display address (4FFF 
H) corresponds to a byte which corresponds to the 
lower righthand comer of the screen. Thus, as the 
RAM addresses increase, the position on the screen 
associated with the addressed bytes moves in the same 55 
directions as the TV scan: from left to right and from 
top to bottom. 

The address chip 56 of the video processor 52 sequen¬ 
tially generates the addresses 4000 H to 4FFF H (7FFF 
H for the high resolution mode) as the screen is being 60 
scanned so that each byte defining 4 pixels is read in 
order to supply information necessary to display the 
corresponding 4 pixels of the picture. The 4 pixels asso¬ 
ciated with each byte are displayed with Pixel 3 defined 
by bits 6 and 7 shown on the left displayed first. Thus 65 
bits 6 and 7 of byte 4000 H define the pixel in the ex¬ 
treme upper lefthand corner of the screen area corre¬ 
sponding to the display RAM. 


As noted earlier, two bits are used to represent each 
pixel on the screen. These two bits, along with a left/- 
right bit (which will be more fully explained later) map 
the associated pixel to one of eight different “color” 
registers 0-7. Thus, two bits from the display memory 
together with the left/right bit identify or select one of 
the eight different color registers. If the two bits from 
the display memory have the binary value 00, the color 
register selected will be color register 0 or 4 depending 
upon the left/right bit. Similarly, bits having the binary 
value 01 select register 1 or 5 depending on the left/- 
right bit, etc. 

Each color register is an 8-bit register for storage of 
output data from the computer. The binary bits in a 
selected color register define the color and intensity 
characteristics of the associated pixel to be displayed on 
the screen. The intensity of the pixel is defined by the 
three least significant bits of a color register, with 000 
for darkest and 111 for lightest. The colors are defined 
by the 5 most significant bits. Thus each color register 
can define 1 of 2 3 intensity levels and 1 of 2 5 different 
colors. The CPU can change the data stored in the color 
registers which will cause the colors and intensities of 
subsequent pixels displayed to also change. 

A horizontal color boundary register defines the hori¬ 
zontal position of an imaginary vertical line 64 on the 
screen 32, referring now to FIG. 5. The boundary line 
64 can be positioned between any two adjacent bytes in 
the low resolution mode. The line is immediately to the 
left of the byte whose address is sent to the horizontal 
color boundary register. For example, if the horizontal 
color boundary is set at 0 by the computer, the line will 
be just to the left of the byte 0 if it is set to 20, the line 
will be between bytes 19 and 20 which corresponds to 
the center of the screen. 

The left/right bit is an additional register identifying 
signal supplied by the video processor in response to the 
data stored in the horizontal color boundary register. If 
a byte is to the left of the boundary, the left/right bit of 
the four pixels associated with that byte is set to 1. The 
left/right bit is set to 0 for pixels associated with a byte 
to the right of the boundary line 64. Color registers 0-3 
are selected by a left/right bit=l, i.e., for the pixels to 
the right of the boundary line, and registers 4-7 are 
selected for the pixels to the left of the boundary. Thus, 
if a byte read from the display RAM 42 has the values 
00 11 10 00 , and was to the right of the boundary line, 
for example, the four pixels will be defined by color 
registers 0, 3, 2, and 0, respectively. However, if the 
byte was located to the left of the horizontal color 
boundary line, the four pixels will be defined by color 
registers 4, 7, 6, and 4 respectively. 

In the high resolution mode, if a value X is sent to the 
horizontal color boundary register, the boundary line 
will be between bytes having addresses 2X and 2X-1 
which corresponds to the same position on the screen as 
the low resolution mode but between different bytes. 
Thus, for example, if the value 20 is sent, the boundary 
will be between 39 and 40, corresponding to the center 
of the screen. To put the entire screen, including the 
rightside background, to the left of the boundary line 
64, the horizontal color boundary line register should be 
set to 44. 

If just four color registers are used, all the informa¬ 
tion necessary to generate the color and intensity of a 
particular picture may be stored utilizing only two bits 
of storage together with the color registers. However, 
the left/right bit and eight registers give added flexibil- 
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ity. The color and intensity pattern of a picture stored in 
memory may be quickly modified in one step by selec¬ 
tive placement of the horizontal color boundary. For 
example, if the entire screen is to the right of the hori¬ 
zontal color boundary, the colors and intensities of the 
pixels will be selected from color registers 0-3. One the 
other hand, placing the entire screen to the left results in 
the colors and intensities of color registers 4-7 being 
utilized. In this manner, the colors and intensities of the 
entire picture may be altered by merely changing the 
address of the horizontal color boundary. 

On most television screens, the area 610 defined by 
the display RAM will be somewhat smaller than the 
total screen area. Thus there will generally be extra 
space on all four sides of the display screen not defined 
by the display RAM. The color and intensity of this 
area is defined by a two-bit “background’* color regis¬ 
ter. These two bits along with the left/right bit combine 
to identify one of the 8 color registers which determines 
the color and intensity of the particular background 
area. For example, if the two bits contained in the back¬ 
ground color register have the value 00 the color and 
intensity of the background area to the right of the 
boundary line 54 will be defined by the color register 0, 
with the area to the left defined by the color register 4, 
as shown in FIG. 5. 

As described earlier, the function generator is en¬ 
abled to modify pixel data when the data is to be written 
to a memory address “X” less than 4000 H (A14^=0) 
and that a modified form of the data is actually written 
to memory location X + 4000 H in the display RAM. A 
register hereinafter called the function generator regis¬ 
ter determines how the data is modified. 

The functions performed on the pixel data are: “ex¬ 
pand”, “rotate”, “shift”, “flop”, “logical-OR” and “ex¬ 
clusive OR”. As many as four of these functions can be 
used at any one time and any function can be bypassed. 
However rotate and shift as well as logical-OR and 
exclusive OR are not done at the same time. The modi¬ 
fied pixel data is stored in the display RAM whereby 
the pixels associated with the pixel data appear similarly 
modified when displayed. 

Referring back briefly to FIG. 2, the microcycler has 
an 8 -bit data bus 66 connecting the microcycler to the 
video processor 52 and I/O chip 50. The expand func¬ 
tion expands the 8 bits contained on the microcycler 
data bus into 16 bits where each bit of the 8 bits repre¬ 
sents one pixel. In other words, it expands l-bit pixel 
data into 2-bit pixel data. For example, a 0 on the data 
bus is expanded into one 2 -bit pixel data value and a 1 on 
the data bus into another 2-bit pixel data value. Accord¬ 
ingly, the pixel data before being expanded is encoded 
at a first level which can be decoded into pixel data 
encoded at a second level. Thus, the pixel data on the 
8 -bit microcycler data bus is encoded at the first level as 
1 -bit pixel data and when expanded, it is encoded into 
pixel data at the second level, i.e., 2-bit pixel data. In this 
manner, two-color patterns can be stored in a ROM in 
half the space. 

The generator functions shift, flop and rotate can be 
thought of as operating on the pixel data as a whole 
rather than the individual bits of each pixel. Each byte 
of the display RAM 42 can be though of as four 2-bit 
locations, each location corresponding to a pixel and 
storing one of four pixel data values (0-3) although the 
pixels are, of course, actually elements of the picture 
displayed on the screen. The four pixel data values of 
the first byte, byte 0, will be referred to as P0, PI, P2 
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and P3. P0 is composed of the first two bits (or least 
significant bits) of the byte. 

The shift function shifts the pixel data 0,1, 2 or 3 pixel 
locations to the right. FIG. 6 illustrates the effect of the 
5 above mentioned shifts upon the 3 bytes. The pixel data 
values are shifted relative to each other wherein the 
pixels that are shifted out of one byte are shifted into the 
next byte with the corresponding pixels on the screen 
appearing shifted a similar amount when displayed. 
10 Zeros are shifted into the first byte of a sequence. 

The output of the flop function is a mirror image of its 
input, the original data. The pixel locations interchange 
pixel data values relative to each other, i.e., the first and 
fourth pixel location of each flopped byte exchange 
15 pixel data values as to the second and third as shown in 
FIG. 6 . The four pixels associated with the flopped byte 
will similarly appear flopped relative to each other 
when displayed on the screen. 

The rotate function rotates a four pixel by four pixel 
20 block of data 90° in clockwise direction such that the 
pixel data values are rotated relative to each other. 
FIGS. 7A and 7B illustrate an example of rotation. The 
sixteen pixel data locations correspond to sixteen con¬ 
tiguous pixels displayed on the screen. 

The logical OR and exclusive OR functions operate 
on a byte as 8 bits rather than four 2 -bit pixel data. 
When the OR function is used in writing pixel data to 
the display RAM, the input pixel data is logical OR-ed 
30 with the contents of the display RAM location being 
accessed. The result of the logical OR is sent to the 
display RAM at the above location. The exclusive-OR 
function operates in the same way except that the data 
is exclusive OR-ed instead of logical OR-ed. 

35 The illustrated system can accommodate up to four 
player control handles \2a-\2d (FIG. I) at once. Each 
handle has five switches (i.e., the trigger switch, and 
four joy-stick directional switches) and a potentiometer. 
The switches are ready by the CPU 46 via input ports 
40 through the I/O chip 50 (FIG. 2). These input ports are 
diagrammatically shown in FIG. 8 as input ports 10-1F 
H where the port number indicates its hexadecimal 
address. Thus the port at which the player control han¬ 
dle switches for player 1 are read has a hexadecimal 
45 address of 10H. 

The trigger switch for each player control handle is 
read at bit 4 and the four directional switches of the 
joy-sticks are read at bits 0-3. The signals from the 
potentiometers are converted to digital information by 
50 an 8 -bit analog to digital converter (FIG. 71A). The 
four potentiometers are read at input ports 1C-1F H 
(FIG. 8 ). All zeros are fed back when the potentiometer 
is turned fully counterclockwise and all 1 ’s are fed back 
when turned fully clockwise. 

55 The 24-button keypad 18 is read at bits 0-5 of ports 
14-17H. The input data is normally zero and if more 
than one button is depressed, the data should be ig¬ 
nored. 

The microcycler functions as an interface between 
60 the CPU and the peripheral devices. The CPU 46 of 
FIG. 2 has a 16-bit address bus and an 8 -bit data bus 
connecting the CPU to the microcycler 60. Referring 
now to FIG. 9, the microcycler 60 combines the 16-bit 
address bus, A0-A15, and the 8 -bit data bus, D0-D7, 
65 from the CPU 46 into one 8 -bit microcycle data bus 66 , 
MXD0-MXD7, connected to the address chip 56, the 
data chip 54, and the I/O chip 50. One advantage of the 
microcycler is that the number of connector pins of the 
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integrated circuit chips may be reduced since there are 
fewer connecting lines. 

The microcycle data bus can have any of four modes 
which are defined by the contents or data carried by the 
microcycle data bus 66 . Its mode is controlled by con- 5 
trol signals MCO and MCI which are generated by the 
data chip from a plurality of CPU control signals which 
will be more fully explained later. The microcycle data 
bus mo de is also controlled by a CPU control signal 
RFSH which indicates that the lower 7 bits of the ad- io 
dress bus contains a “refresh” address for refreshing the 
RAM dynamic memories. The CPU control signals are 
discussed more fully in the Zilog Z80-CPU Technical 
Manual and is hereby incorporated by reference as if 
fully disclosed herein. The microcycle modes are 15 
shown below: 


TABLE 1 


RFSH 

MCI 

MCO 

Microcycle Data Bus Contents 

0 

0 

0 

A0-A7 from the CPU 

0 

0 

1 

A0-A7 from the CPU 

0 

1 

0 

A0-A7 from the CPU 

0 

t 

1 

A0-A7 from the CPU 

t 

0 

0 

A0-A7 from the CPU 

1 

0 

1 

A8-A15 from the CPU 

1 

1 

0 

D0-D7 from the CPU 

1 

1 

1 

D0-D7 to the CPU 


As can be seen above, when the RFSH signal is a 
logical zero or low state, the microcycler will allow the 
address bits A0-A7 from the CPU to be conducted 30 
through regardless of the state of MCO or MCI in order 
to refresh the RAM. However, when RFSH is a logical 
1 (inactive), MCO and MCI determine the contents of 
the microcycle data bus MXD0-MXD7. 

The microcycler as well as the interconnection of the 35 
various integrated circuit chips of the low resolution 
mode system are shown in greater detail in FIGS. 10A- 
C. The microcycler 60 comprises two 8 -line to 4-line 
multiplexers 70 and 72, having four output lines MXD4- 
MXD7 and MXD0-MXD3, respectively, and each hav- 40 
ing 4A and 4B input lines, an enable input E and a select 
input S. 

The address lines A0-A3 and A 8 -A 11 , from a CPU 
address bus 73 from the CPU 56 are connected to the A 
and B input lines of the address multiplexer 72, respec- 45 
tively. Similarly, the address bus lines A4-A7 and A12- 
A15 are connected to the 8 input lines of the address 
multiplexer 70. The address multiplexers 70 and 72 can 
selectively conduct either the “low address” bits A0- 
A7, or the “high address” bits A8-A15, to the microcy- 50 
cle data bus MXD0-MXD7 when enabled. The multi¬ 
plexers have common industry designation number 
74LS257. 

The microcycler further comprises an 8 line bidirec¬ 
tional data gate 74 having 8 input/output lines con- 55 
nected to a CPU data bus 75 from the CPU 56, 8 input- 
/output lines connected to the microcycle data bus 
MXD0-MXD7, a direction input DIR and an enable 
input CD. The data gate 74 can conduct data either 
from the CPU data bus 75 to the microcycle data bus 66 60 
or from the microcycle data bus 66 to the CPU data bus 
75 as determined by the state of the DIR input when 
enabled. 

These three logic elements 70, 72, and 74, function as 
a 24-line to 8 -line multiplexer to sequentially conduct 65 
groups of address signals and groups of data signals to 
the microcycle data bus, in response to the control 
signals MCO and MCI and the CPU control signal 
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RFSH, Alternatively, the gate 74, of the microcycler 
further functions as a gate for conducting data signals 
from the microcycle data bus to the CPU data bus. 

The microcycle data bus 66 is connected to the 
MXD0-MXD7 inputs of the address chip 56, data chip 
54 and I/O chip 50. The microcycler 60 had input lines 
76, 78, and 80 for the control signals RFSH, MCI and 
MCO respecti vely. T he input line 76 operably connects 
the CPU 56 RFSH output to the inputs of a pair of 
NAND gates 81 and 82. The output of the NAND gate 
81 is inverted by an inverter 84 whose output is con¬ 
nected by a line 85 to the enable input ‘E’ of the multi¬ 
plexers 70 and 72 and is also connected to the input of a 
NAND gate 86 whose output is connected to the enable 
input CD of the gate 74. Thus, when the CPU 56 pre¬ 
pares^ refresh the RAM, the refresh control signal, 
RFSH, will go to the low state causing the output of the 
NAND gate 81 to go high which is inverted by the 
inverter 84. A low state at the enable input E of the 
multiplexers 70 and 72 causes these logic elements to be 
enabled whereby address signals can be conducted to 
the microcycle data bus 66 . A low state on the line 85 
also causes the output of the NAND gate 86 to go high 
which is presented to the enable input CD of the gate 
logic element 74 causing the gate 74 to be disabled 
whereby the outputs of the logic gate 74 are forced to 
an off state. 

The output of the NAND gate 82 is connected to an 
inverter 88 having an output line 90 connected to the 
select inputs S of the multiplexers 70 and 72. Thus, 
when the refresh multiplexer control signal RFSH is 
low, the output of the NAND gate 82 is high. Conse¬ 
quently, the output of the inverter 88 is low’. A low state 
presented at the selector input S causes address bits 
presented at the A inputs to be con ducted to the multi¬ 
plexer data bus. Thus when RFSH is low, the low ad¬ 
dress, A0-A7, is conducted to the microcycle data bus 
for use in the refresh cycle. 

The input lines 78 and 80 connect data chip 54 MCI 
and MCO outputs to the inputs of NAND gates 81 and 
82, respectively. When the control signal RFSH is high, 
i.e., a refresh is not being done, the outputs of the 
NAND gates 81 and 82 are determined by the microcy¬ 
cler control signals MCI and MCO, respectively, from 
the data chip 54. Thus, when the control signal MCI is 
in a low state, the output line 85 is also in a low state 
which enables the multiplexer logic elements 70 and 72 
and di sables the gate logic element 74 as wnen the 
RFSH signal is low. Thus, either the low address or the 
high address will be conducted onto the microcycler 
data bus as determined by the control signal MCO. 
When the control signal ‘MCO’ is in a low state, the 
output line 90 is also low which causes the low address 
to be conducted onto the microcycler data bus. If MCO 
is at a high state, the high address is conducted to the 
microcycler data bus. 

Control signal MCI (and RFSH) at a high state re¬ 
sults in a high state at control line 85 which disables the 
multiplexers 70 and 72 and enables the gate 74. Thus, 
the data on the data bus 75 for bits D0-D7 from the 
CPU 56 will be gated onto the microcycler data bus 
MXD0-MXD7, or the data on the microcycler data bus 
will be gated onto the data bus of the CPU, depending 
upon the direction input DIR. The direction input DIR 
is connected by a line 92 to the output of the NAND 
gate 82 . Thus, the state of the control signal MCO (with 
RFSH high) determines the direction that the gate 74 
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will gate the data. For example, if MCO is in a low state, 
the output of the NAND gate 82 will be high resulting 
in the contents of the data bus D0-D7 being gated onto 
the microcycler data bus; if MCO is high, the contents of 
the microcycler data bus will be gated onto the data bus 
D0-D7 to the CPU 56. 

A power supply indicated generally at 93 supplies 
+ 15 v, +10 v, + 5 and —5 v to the system. A clock 
circuit 94 comprising a 14.31818 MHz oscillator 96 and 
divider stages 98, provides a 7 MHz_clock signal 7M, 
and an inverted 7 MHz clock signal 7M, to the 7M and 
7M inputs, respectively, of the data chip 54. A clock 
signal <!>G, generated by the data chip 54 from the 7M 
and 7M clock signals, is outputted toabuffer 100 having 
output lines for clock signals <h and <t>. The clock signals 
<t>l and d>2 are connected to the <t> and 3> inputs of the 
address, data and I/O chips. 

The CPU address bus 73 and data bus 75 are con¬ 
nected to the system ROM 48 having inputs A0-A12 
and D0-D7 for the address and data bits, respectively. 
The address bus 73 and data bus 75 are also connected 
to the cassette ROM 24 (not shown) and the extension 
plug 77 (for expanding the system). _ 

The system ROM chip 48 has a chip select input CS 
connected to the output of the chip select logic indi¬ 
cated at 19a and b with the cassette ROM chip select 
input CCS also connected to the output of the chip 
select logic 79a and b. The outputs of the logic 19a and 
b are functions of the CPU control signals MEMORY 
REQUEST (MREQ) and READ (RD), the address bits 
A13-A15 and the memory disable signals SYSEN, 
CASEN, AND BUZOFF from the extender plug 77. 

DATA CHIP 

The CPU control signal lines MEMORY RE¬ 
QUEST, INPUT/OUTPUT REQUEST, READ, and 
MACHINE CY CLE 1 a r e opera tively connected to the 
data chip inputs MREQ, IORQ, RD, and Ml, respec¬ 
tively, from the CPU 56. Two more control lines carry¬ 
ing control signals generated by the address chip 56 are 
connected to the data chip inputs LTCHDO, and 
WRCTL, respectively. The data chip had a VDD input 
connected to a +5 volts source, a VGG input con¬ 
nected to a ,+ 10 volt source, and a DVSS input con¬ 
nected to ground. Two more inputs SERIAL 0 and 
SERIAL 1 are grounded since they are used in the high 
resolution mode. 

The data chip 54 has a plurality of outputs including 
the memory data inputs and outputs MD0-MD7, con¬ 
nected by a memory data bus 102 to the display RAM 
42. The data chip input/output MD0 is operatively 
connected to the data input, Dl, and data output DO, 
ports of the RAM chip 104#, with other memory data 
input/outputs, MD1-MD7 of the data chip similarly 
connected to seven RAM chips 104 b-h. The data chip 
also has analog video outputs R-Y, B-Y, VIDEO and 
+ 2.5 volts reference operatively connected to the RF 
modulator 58 (not shown). The data chip has clock 
signal outputs, VERTICAL DRIVE (VERT. DR.) 
and HORIZONTAL DRIVE (HORZ. DR.), con¬ 
nected to the address chip 56. Finally, the data chip has 
control signal outputs MCO and MCI connec ted to the 
microcycler (as noted before) and an out put P ATEN 
used to generate the write enable signal, WE, for the 
RAM chips. 

A schematic block diagram of the data chip 54 is 
shown in FIGS. 11A-11F. The microcycle generator 
106 of FIG. 11A generates the microcycle control sig- 
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nals MCO and MCI from the CPU control signals 
IORQ, MREQ, RD, and Ml. Also generated are micro¬ 
cycle decoder control signals LOAD LOW (LDL1) 
and LOAD HIGH (LDH1) for loading the low and 
high address bits respectively. 

A more detailed schematic diagram of the data chip is 
shown in FIGS. 13A-EE with a composite diagram of 
these figures shown in FIG. 14. T he micr ocycle genera¬ 
tor has an input line 108 for the M REQ control signal 
and an input line 110 for the IORQ control signal, both 
of which are connected to the inputs of a NAND gate 
112 whose output is connected by an inverter 114 to the 
inputs of a pair of NOR gates 116 and 118. The micro- 
cycle generator has an input line 120 for the CPU con¬ 
trol signal RD which is connected to the other input of 
the NOR gate 116. The output of the NOR gate 116 is 
connected by an inverter 122 to the input of an AND 
gate 124. 

The output of the NOR gate 118 is connected to the 
input of a NOR gate 126 whose output is connected to 
the input of a NOR gate 128 with the output of the 
AND gate 124 connected to the other input of the NOR 
gate 128. The output of the NOR gate 128 is connected 
by a gating transistor 130 which acts as a delay to the 
input of a NOR gate 132. The gate of the transistor 130 
is connected to the clock signal line <t>2. <I>2 is the com¬ 
plement of the clock signal and a clock signal Ol is <1> 
uncomplemented. 

The output of the NOR gate 132 is connected by a 
gating transistor 134 (which also acts as a delay) to an 
inverter 136 having an output line 138. The gate of the 
“delay” transistor 134 is connected to the clock signal 
<t>l. 

The output line 138 is connected to the inputs of the 
AND gate 124 and the NOR gate 126 and is also con¬ 
nected by a delay transistor 140 to the input of a NOR 
gate 142. The gateof the transistor 140 is connected to 
the clock signal 7M. The output of the NOR gate 142 is 
connected by a delay transistor 144 to an inverter 147 
having an output line 148. The gate of the transistor 144 
is connected to the 7M clock signal. 

The output line 148 of the inverter 146 is connected 
to an input of a NOR gate 150 whose output is con¬ 
nected to an inverter 152. A transistor 154 is connected 
to the voltage source VDD and to ground by a transis¬ 
tor 156. The gate of the transistor 154 is connected to 
the output of the inverter 152 and the gate of the transis¬ 
tor 156 is connected to the output of the NOR gate 150. 
The junction of the transistors 154 and 156 at the line 80 
carries the mic rocy cle co ntrol signal MCO. 

The MREQ and IORQ input lines, 108 and 110, are 
connected to the input AND gate 160 whose output is 
connected to a NOR gate 162. The output line 138 of 
the inverter 136 is also connected to the input of a NOR 
gate 164 whose output is connected to the input of the 
NOR gate 162. The output of the NOR gate 162 is 
connected by a delay transistor 166 to a NOR gate 168. 
The gate of the transistor 166 is connected to the <t>2 
clock signal. The output of the NOR gate 168 is con¬ 
nected by a delay transistor 170 to an inverter 172 hav¬ 
ing an output line 174. The gate of the transistor 170 is 
connected to the <I>1 clock signal. 

The output line 174 is connected to an input of the 
AND gate 160 and inputs of the NOR gates 118 and 164 
and is also connected by a delay transistor 176 to a NOR 
gate 178. The gate of the transistor 176 is connected to 
the 7M clock signal. The output of the NOR gate 178 is 
connected by a delay transistor 180 to an inverter 82 
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having an output line 188. The gate of the transistor 180 
is connected to the clock signal 7M. 

The output line 188 of the inverter 182 is connected 
to a NOR gate 190 whose output is connected to an 
inverter 192. A gating transistor 194 is connected to the 5 
voltage source VDD and to a transistor 196 which is 
connected to ground. The output of the inverter 192 is 
connected to the gate of the transistor 194 and the out¬ 
put of the NOR gate 190 is connected to the gate of the 
transistor 196. The junction of the transistors 194 and 10 
196 at the line 78 carries the microcycle control signal 
MCI. 

The state of the control signal MCI is the same as the 
output of inverter 192 since a high state (logical 1) out¬ 
put of the inverter 192 will turn on the transistor 194 15 
causing the MCI line 78 to also go high. Similarly, a 
high output from the NOR gate 190 (when inverter 192 
is at a low state) causes the transistor 196 to turn on 
which causes the MCI control signal line 78 to also go 
low. The state of the MC0 control line 80 is similarly the 20 
same as the state of the inverter 152. 

The microcycle generator has another input 200 for 
the CPU control signal Ml which is connected to the 
input of a NOR gate 202 having another input con¬ 
nected to the input line 110 for the CPU control signal 25 
IORQ. The output of the NOR gate 202 is connected to 
the inputs of the NOR gates 168, 132, 178,142, 190 and 
150. _ 

The Ml CPU control signal is active when low (logi¬ 
cal 0) and indicates that the current machine cycle is an 30 
operation code fetch cycle of an instruction execution. 
Thus, the Ml control signal is normally high (logical 1) 
whenever the CPU is accessing a peripheral device 
such as a video processor. Hence, the NOR gate 202 
having a logical 1 presented at the input will output a 35 
logical 0. This logical 0 is presented at the inputs of the 
NOR gates 132, 168, 142, 178, 150 and 190 resulting in 
these NOR gates operating as inverters whenever the 
MI control signal is high. 

Similarly, whenever MI goes low indicating that the 40 
current machin e cycle is the fetch cycle of an instruc¬ 
tion execution, IORQ will normally be high with the 
same effect u pon the abo ve-m entioned NOR gates with 
an exception. IORQ and Ml will both go low during an 
“interrupt acknowledge” cycle. With these two control 45 
signals both at a low state, the NOR gate 202 will output 
a high state causing the NOR gate 150 to produce a low 
state forcing the control signal MC0 to a high state or 1. 

In a similar fashion, the output of the NOR gate 190 is 
forced to a low state which also forces the control sig- 50 
nal MCI to a high state. 

Referring back to the microcycle modes set out in 
Table I, it is seen that where MC0 and MCI are both a 
logical 1, the microcycler will gate data from the micro¬ 
cycler data bus to the CPU data bus. This data was 55 
placed on the microcycler data bus by the peripheral 
device initiating the interrupt and will be used by the 
CPU in its response to the interrupt signal. 

"The “MEMORY REQUEST” control signal, 
MREQ, is active when low and indicates that the ad- 60 
dress bus of the CPU holds a valid address for a mem¬ 
ory read or a memory write operation. The “INPUT- 
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/OUTPUT REQUEST” control signal IORQ, is also 
active when low and indicates that the lower half of the 
address bus holds a valid I/O address for a I/O read or 65 
write operation. The read control signal, RE>, is active 
when low and indicates that the CPU wishes to read 
data from the memory or an I/O device. When high, 


RD indicates the CPU wishes to write data to memory 
or an I/O device. 

The generation of the microcycler control signals 
MCO and MCI as a function of the CPU control signals, 
MREQ, IORQ, and ED together with clock signals 01 
and 7M, are illustrated for a plurality of read and write 
operations in FIGS. 12A-G . An example of MCO and 
MCI as functions of MREQ RD, and the clock signals 
01 and 7M, is shown for a memory write operation in 
FIG. 12A. 

A clock state, T, is defined by one complete period of 
the clock signal 0. At the beginning of the initial clock 
state Tl, the CPU control signals MREQ RD are at the 
same state as the previous clock state which is a high 
state with the microcycler control signals MCO and 
MCI also at the same state as the previous clock state 
which is a low stat e. During Tl, after the clock signal <j> 
goes low, MREQ goes low which indicates that the 
CPU address bus holds a valid address for the memory 
write operation. 

Referring to FIG. 13, t he NA ND gate 112 has the 
control signals MREQ and IORQ presented at its inputs 
which are both ina ctive or a logical 1 at the beginning of 
Tl. When MREQ goes low, the output of the NAND 
gate 112 goes high which is inverted by the inverter 114 
presenting a low state to one input of the NOR gate 118 
and to one input of the NOR gate 116. The other input 
of the NOR gate 118 is connected by the line 174 to the 
output of the inverter 172. 

Since Ml is at a high state, the NOR gates 142, 178, 
150 and 190 function as inverters. Thus the output of the 
inverter 172 at line 174 is at the same state as the previ¬ 
ous MCI state since there are an even number of “in¬ 
verters” between the line 174 and the gate of the output 
transistor 194 (except insofar as the 7M and 7M delay 
transistors 176 and 180 delay any change in MCI result¬ 
ing from a change in the output of the inverter 172 of 
line 174). 

Thus since MCI is at a low state, the line 174 con¬ 
nected to the input of the NOR gate 118 is at a low state 
with the other input of the NOR gate 118 at a low state, 
as noted before. This produces a high state at the output 
of NOR gate 118 which results in a low state at the 
output of the NOR gate 126. 

The control signal RD is at a high state indicating a 
write operation which causes the NOR gate 116 to 
output a low state which is inverted by the inverter 122 
to produce a high state. The line 138 is at the same state 
(except for a delay) as the previous MCO state (in a 
manner similar to that for the line 174) which causes the 
output of the AND gate 124 to be low. The NOR gate 
128 thus has a low state presented at both of its inputs 
which results in a high state produced at its output. 

This output is conducted when the clock signal 02 
goes high and is inverted by the NOR gate 132. The 
transistor 134 conducts this output when the clock sig¬ 
nal <f>l goes high resulting in the output of the inverter 
136 going high. Thus the output of the inverter 136 
assumes the same state as the NOR gate 128 on the 
positive edge 200 (i.e., going from a low state to a high 
state) of the clock signal 0 (FIG. 12A). 

The high state at the output of the inverter 136 is 
conducted by the transistor 140 when the clock signal 
7M goes high which is inverted by the NOR gate 142 
and conducted by the transistor 144 when the clock 
signal 7M goes high. The logical 0 is then inverted by 
the inverter 146, NOR gate 150, and inverter 152 to 
produce a high state at the output of the inverter 152 
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which turns on the transistor 154 to produce the high 
state at the line 86 which is the MCO control signal line. 
Referring back to FIG. 12A, it is seen that the control 
signal MCO goes to a high state on the positive edge 202 
of the clock signal 7M which follows the positive edge 5 
200 of the clock signal <1> occurring after the CPU con¬ 
trol signal MREQ goes low. 

When MCO changes from a low' state to a high state, 
the contents of the microcycle data bus changes from 
the low address, A0-A7, to the high address, A8-A15. 10 
Thus the 16 address bits from the CPU are transmitted 
to the video processor and I/O chip in 2 eight-bit 
groups or slices. 

The output of the inverter 136 rising to a high state 
causes the NOR gate 164 having an input connected to 15 
the output line 138 of the inverter 136 to fall to a low 
state. The output of the AND gate 160 is also low since 
MREQ is low causing the output of the NOR gate 162 
to go high. This high output appears at the output of the 
inverter 172 at the line 174 on the positive edge 204 20 
(FIG. 12A) of the clock signal <P marking the start of 
the clock state Tw. 

The high state then appears at the gate of the transis¬ 
tor 194 on the positive edge 206 of the clock signal 7M 
(FIG. 12A) causing the control signal MCI to rise to a 25 
logical 1. The RD signal is at a high state (indicating a 
write operation) which causes the NOR gate 116 to 
output a “zero” which is inverted by the inverter 122. 

The output of the inverter 136, which is at a high state, 
is returned to the AND gate 124 causing the AND gate 30 
to output a “one” which causes the NOR gate 128 to 
output a “zero”. This low state appears at the output of 
the inverter 136 on the positive edge 204 of the clock 
signal <I> (FIG. 12A). The low state then appears at the 
MCO control signal line 80 on the positive edge 206 of 35 
the 7M clock signal (FIG. 12A). 

With MCO at a low state and MCI at a high state, the 
contents of the CPU data bus are gated onto the micro¬ 
cycle data bus. Thus data placed on the CPU data bus is 
transmitted to the peripheral devices on the microcycle 40 

data bus. _ 

During clock state T3, MREQ returns to a high state. 
Since MREQ as well as the output of the inverter 172 at 
line 174 and IORQ are at a high state, the output of the 
AND gate 160 is high which causes the output of the 45 
NOR gate 162 to go low. This low output appears at the 
line 172 on the positive edge 208 of the clock signal 
at clock state Tl. The low state at line 172 appears at the 
gate of the output transistor 194 (with a high state at the 
gate of the transistor 196) at the positive edge 210 of the 50 
clock signal 7M causing the microcycle control signal 
MCI to go low'. The microcycler is now ready to trans¬ 
mit the low address of the next address presented at its 
inputs. The relationship of the microcycler control 
signals MCO and MCI to the CPU control signals and 55 
system clock signals and 7M is shown for a variety of 
other read and write operations in FIGS. 12B- G. 

The microcycler further comprises a NOR gate 201 
having inputs connected to outputs of the inverters 146 
and 182 and to the clock signal 4>1. A NOR gate 203 60 
also has inputs connected to the output of the inverter 
182, to the output of the inverter 146 by an inverter 205, 
and to the clock signal input <I>. An output line 226 of 
the NOR gate 201 carries the microcycle decoder con¬ 
trol signal LDL1 which is a logical 1 when the outputs 65 
of the inverters 146 and 182 are a logical 0 (correspond¬ 
ing to both MCO and MCI a logical 0), together with 
4>1 a logical 0. An output line 228 of the NOR gate 203 
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carries the signal LDL1 which is a logical 1 when MCO 
is a logical 1, MCI a logical 0 and 4>1 a logical 0. 

Each of the address, data, and I/O chips has a plural¬ 
ity of registers. Each of these registers is individually 
addressable by the CPU for inputting or outputting data 
contained in the register. 

The data chip is shown in FIG. 11B to the microcycle 
decoder 212 which assembles 11 address bits A0-A10 
from the low address bits, A0-A7, and high address bits, 
A8-A15, transmitted from the microcycle data bus. The 
microcycle decoder 212 has an eight bit input line con¬ 
nected to all the bits of an eight-bit data chip data bus 
66 a and a three-bit input line connected to the lower 3 
bits of the data bus 66a, The microcycle data bus 66 is 
connected to the data bus 66a by a tristate buffer 273 
(FIG. 11C). (Other buffers shown in the more detailed 
schematic FIG. 13 are omitted from the FIGS. 11A-F 
for clarity). 

The microcycle generator 106 (FIG. 11 A) generates 
control signals LDL1 and LDH1 to signal that the 
microcycle data bus contains the low address bits or the 
high address bits, respectively. The microcycle decoder 
212 is operatively connected to the microcycle genera¬ 
tor to input these control signals such that the decoder 
latches up the low address bits from the eight bit input 
lines when LDL1 is high and subsequently the high 
address bits A8-A10 on the three bit input line when the 
control signal LDH1 is a high. The 11 bits latched in the 
microcycle decoder are utilized to address the registers 
on the data chip. The microcycle decoder has an 11 bit 
output bus A0-A10 which is connected to an address 
decoder 214 which decodes the address bits to activate 
one of a plurality of register select lines 216-222. Regis¬ 
ter select line 216 actually represents eight register se¬ 
lect lines for eight different “color” registers 224. 

In addition to the proper address, the register select 
lines 216-221 require th e concurre nce of a data chip 
generated control signal, OUTPUT, in order to be acti¬ 
vated. The eight color register select lines 216 fu rther 
require a CPU generated control signal IORQ. The 
register select line 222 requires the conc urrenc e of an¬ 
other data chip generat ed c ontrol sign al INPUT, to be 
activated. The INPUT and OUTPUT signals are func- 
tions of Z-80 CPU control signals including MREQ, 
IOEQ, RD and Ml and are generated to compensate 
for any delay caused by the microcycler. 

The register select lines 216-221 are operatively con¬ 
nected to eight color registers 0-7 , an “expand” regis¬ 
ter, “function generator” register, “vertical blank” reg¬ 
ister, “horizontal color boundary” and “background 
color” register and “low/high resolution mode” regis¬ 
ter, respectively. The line 222 is operatively connected 
to a multiplexer, which when activated causes the mul¬ 
tiplexer to select the output of an “intercept” register. 
In this manner, the CPU may select any particular regis¬ 
ter of the data chip by transmitting an address corre¬ 
sponding to the register which is transmitted in two 
groups, the low and high addresses, by the microcycler 
to the microcycle decoder which reassembles the ad¬ 
dress bits into address bits A0-A10. These bits are then 
decoded and the corresponding register select line is 
activated which enables the addressed register to input 
or output data to the CPU via the microcycle data bus. 

The microcycle decoder 212 and address decoder 214 
are shown in greater detail in FIG. 13. The microcycle 
decoder 212 comprises an 11-bit latch with the eight 
least significant bits A0-A7 each having an input con¬ 
nected to the D0-D7 lines, respectively, of the data bus 
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66a. Each of the A0-A7 bits of the latch also have an 
input connected to the LDL1 control signal line 226 
and an input connected the line 226 through an inverter 
227. The most significant bits A8-A10 each have an 
input connected to the D0-D2 lines, respectively, of the 5 
data bus 66a and each has an input connected to the 
LDH1 control signal input line 228 directly, and an 
input connected to the line 228 through an inverter 229. 

_The AO bit has output lines AO and its complement 

AO with the A1 bit having outputs Al, AT, etc. all 10 
connected to the address decoder 214. 

An example of a bit circuit of the latch of the micro¬ 
cycle decoder is shown in FIG. 13. The input of the AO 
bit circuit of the latch is connected to a gating transistor 
230 whose gate is connected to the LDL1 control signal 15 
line 226. The 1 input is also connected to the DO line of 
the data bus 66a which carries (among others) address 
bits AO and A8. Transistor 230 is connected to an in¬ 
verter 232 whose output is the A0 output line of the A0 
latch which is also connected to an inverter 234 whose 20 
output is the A0 output line. The output of the inverter 
234 is connected to a gating transistor 236 whose gate is 
connec ted to t he output of inverter 227 (FIG. 13) which 
carries LDL1. The output of the transistor 236 is con¬ 
nected to the input of the inverter 232. 25 

The bit on the DO line of the data bus 66a is presented 
to the input of the transistor 230 which is gated by the 
LDL1 control signal when the DO line carries the ad¬ 
dress bit A0. The inverter 232 inverts the address bit A0 
and outputs the bit as address bit A0. The output of the 30 
inverter 232 is inverted by inverter 234 whose output is 
the address bit A0. The bit AO is stored in the A0 bit of 
the latch in this manner. 

The address decoder is shown in FIG. 13 to comprise 
a programmed logic arr ay (PLA ) having a plurality of 35 
input lines A0-A10 and AO-A10 connected to the cor¬ 
responding output lines of the microcycle decoder 212. 

A plurality of output lines 217-222 and 238-253 are 
selectively coupled to the PLA input lines by a plurality 
of pull-down transistors, each of which is represented 40 
by a small circle 254. 

An example of these pull-down transistors, the tran¬ 
sistor coupling the input line A10 to the output line 238 
is shown in greater detail in FIG. 16. If the address bit 
A10 equals 1, i.e., a high state, the A10 address line will 45 
cause the pull-down transistor 254 to turn on which 
“pulls down 11 the output line 238 to ground. 

Each output line 217-222 and 238-253 is connected to 
the voltage source VDD by a pull-up transistor 260 
referring back to FIG. 13. A logical 1 on any address bit 50 
input line coupled to an output line will cause that out¬ 
put line to be grounded which is a low state or logical 
0 . 

The input lines of the PLA are selectively coupled to 
the output lines by the pull-down transistors 254 such 55 
that a particular output line will produce a logical 1 
only when a predetermined address consisting of a pre¬ 
determined combination of l’s and 0’s are presented on 
the address input lines A0-A10 and A0-A10. 

Th e output lines 217-221 are coupled to the OUT- 60 
PUT control signal line 262 by pull-down transistors 
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264 so that in addition to the proper address, the OUT¬ 
PUT control signal must be low in order for one of 
these control lines to output a logical 1. For example, if 
the address bits A7, A6, A5, A4, A3, A2, Al and A0 
(A7 being the most significant) have the values 0 , 0 , 0 , 1 , 
1, 0, 0 and 1, res pectively, t he control line 217 will be a 
logical 1, if the OUTPUT control signal is also low. 
Since the PLA output line 217 is the “expand” register 
select line, the expand register will be selected if the 
address bits A7-A0 have the value 00011001 or 19H. 
Thus 19H is the hexadecimal address of the expand 
register. If any of the address bits A7-A0 are different 
from the values just listed, the expand register will not 
be selected. For example, if the address bit A7 is a 1 
instead of a 0 , the pull-down transistor 254 associated 
with the A7 input line and the PLA output line 217 will 
be turned on which pulls the output line 217 to a logical 
0. 

The output line 222 has an associated address 8H and, 
as seen in FIG. 11B, is the “intercept” register select 
lin e. The in tercept register select line 222 is coupled to 
an INPUT control signal line 266 by a pull-down tran- 
sistor 2 68 so that in addition to the address 8H, the 
INPUT control signal must be low in order for the 
register select line 222 to be at a logical 1 state which 
will select the intercept register. 

The output lines 238 and 239 are connected to the 
input of a NOR gate 270 whose output is connected to 
a NOR gate 272. The other inputs of the NOR gate 272 
are the control signal line 262 and a TORQ control sig¬ 
nal line 270. Thus, either of two hexadecimal addresses, 
BH or OH, will cause the output of the NOR gate 270 
to go low which will cause the out put of the inverter 
272 to go hig h if th e control signal OUTPUT and the 
control signal IORQ are both low. 

The output lines 240 and 241, 242 and 243, etc. are 
also connected to a plurality of NOR gates 271 which 
are connected to a plurality of NOR gates 272 which 
also have inputs connected to the OUTPUT control 
signal line 262 an IORQ control signal line 270. The 
output lines 216 of the NOR gates 272 are the register 
select lines for the color registers 224, as seen in FIG. 
11B. 

Thus, either the hexadecimal address 8H or BH will 
select color register 0. There is an extra address for each 
color register to accommodate a color block transfer 
operation which will be described in more detail later. 

Thus, the CPU may address or select a particular 
register in order to input or output data from or to that 
register by transmitting the register’s associated address 
together with the proper CPU control signals. The 
microcycler transmits this address in two groups, the 
low and high addresses, which are then reassembled by 
the microcycler decoder 212. The address latched in the 
microcycler decoder is decoded by the address decoder 
214 which activates a register select line. The register 
select line enables the associated register to input from 
or output data to the microcycle data bus. The hexadec¬ 
imal addresses for the input and output ports or registers 
for the Address, Data and I/O chips are set forth in 
Table II below: 

TABLE II 


OUTPUT 

PORTS 


INPUT 

PORTS 


PORT 

ADDRESS FUNCTION 


PORT 

ADDRESS FUNCTION 


<J>H 


Color Register <t> 


8H 


Intercept Feedback 
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TABLE II-continued 


OUTPUT 


INPUT 


PORTS 


PORTS 


PORT 


PORT 


ADDRESS 

FUNCTION 

ADDRESS 

FUNCTION 




Multiplexer 

1H 

Color Register 1 

EH 

Vertical Feedback 

2H 

Color Register 2 


Register 

3H 

Color Register 3 

FH 

Horizontal Feedback 
Register 

4H 

Color Register 4 

lOH 

Player 1 Handle 

5H 

Color Register 5 

11H 

Player 2 Handle 

6H 

Color Register 6 



7H 

Color Register 7 

12H 

Player 3 Handle 

8H 

Low/High Resolution 

Register 

13H 

Player 4 Handle 



14H 

Keypad Column <J> 

9H 

Horizontal Color 

Boundary Register 


(right) 


Background Color 

Register 

15H 

Keypad Column 1 



16H 

Keypad Column 2 

AH 

Vertical Blank 

Register 

17H 

Keypad Column 3 
(left) 

BH 

Color Block Transfer 



CH 

Function Generator 

Register 



DH 

Interrupt Feedback 

Register 



EH 

Interrupt Enable and 

Mode Register 



FH 

Interrupt Line Register 



Kt>H 

Master Oscillator Register 



I1H 

Tone A Frequency Register 



12H 

Tone B Frequency Register 



I3H 

Tone C Frequency Register 



I4H 

Vibrato Register 



15H 

Tone C Volume, Noise Modulation 
and MUX registers 



16H 

Tone A Volume and Tone B 

Volume Registers 



17H 

Noise Volume Register 



18H 

Sound Block Transfer 



19H 

Expand Register 




The functional generator of the video processor can 
perform a variety of functions or modifications to the 
pixel data as the data is written to the display RAM by 
the CPU from the system or cassette ROM. The func¬ 
tion generator is enabled when the address of the data is 
less then 4,000H (address bit A14 equal to 0). The func¬ 
tion generator is contained on the data chip 54 and is 
shown in FIG. 11C to comprise a 7-bit function genera¬ 
tor register 274 which is connected to the data bus 66a 
by a 7-bit input line 276. The data chip data bus 66a is 
operatively connected to the microcycler data bus 66 
by the tri-state buffer 273 shown in FIG. 13 to comprise 
8 units 215a-h. (Buffer unit 273a, typical of the units 
273a-/t, is shown in greater detail in FIG. 17). The 
output 1 of each unit is connected to the data bus 66a by 
a buffer 611 (logically similar to that shown in FIG. 18). 

The data contents of the register 274 determine how 
the pixel data is to be modified. The CPU 46 (FIG. 2) 
may output data to the register 274 by transmitting the 
address CH to the microcycle decoder 212 and address 
decoder 214 of FIG. 11B which activates the function 
generator register select line 218. When the register 
select line 218 is activated, the function generator regis¬ 
ter 274 is enabled to input (or latch up) the 7 bits of data 
transmitted by the CPU. The bits of the data contained 
within the function generator register 274 relate to dif¬ 


ferent modifications of the pixel data as shown below in 


Table III: 

TABLE III 

Bit 0 

Least Significant Bit of Shift Amount 

1 

Most Significant Bit of Shift Amount 

2 

Rotate 

3 

Expand 

4 

OR 

5 

Exclusive-OR 

6 

Flop 


The order in which the functions are performed is as 
follows: expansion is done first; rotating or shifting; 
flopping; and logical-OR or exclusive-OR. The video 
processor performs the modifications in response to the 
data stored in the function generator register. A logical 
0 or 1 in the bits 2-6 determine whether or not the 
corresponding function is performed. Bits 0 or 1 of the 
function generator register determine the amount, if 
any, of the shift. As many as four of these functions can 
be used at any one time and any function can be omit¬ 
ted. However, rotate and shift as well as logical-OR and 
exclusive-OR cannot be done at the same time. 

The expand function expands the 8 bits contained on 
the microcycle data bus 66 four bits at a time into 16 
bits. It expands a 0 on the microcycle data bus into one 


45 


50 


55 


60 


65 
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2-bit pixel and a 1 into another 2-bit pixel. Thus, two- 
color patterns can be stored in the system or cassette 
ROM in half the memory space. 

The expand function is performed by an expander 
indicated generally at 278. During each write operation 
to the display memory using the expander 278, either 
the upper half (D4-D7) or the lower half (D0-D3) of 
the data bus 66a is expanded but the expand function 
may be bypassed, as will be more fully explained below. 
The half that is expanded is determined by an expand 
flip-flop 282 having a reset input connected to the func¬ 
tion generator register select line 218 and an output 
connected to a multiplexer 282. The flip-flop 280 is reset 
by an output to the function generator register 274 and 
is toggled after each write operation to the display 
RAM in which the function generator is utilized. The 
multiplexer 282 is responsive to the flip-flop to select 
either the upper half, or lower half, of the bits contained 
on the data bus 66a and output the selected bits on a 
4-bit multiplexer data bus 284 for expansion. The upper 
half of the data bus 66a is expanded when the flip-flop 
280 is at a low or zero state, and the lower half is ex¬ 
panded when the flip-flop toggles to the high state. 

A 4-bit “expand” register 286 having a 4-bit output 
line 288 determines the pixel values into which the data 
contained on the multiplexer data bus 284 can be ex¬ 
panded. A 0 on the multiplexer data bus will be ex¬ 
panded by an expand decoder 290 connected to the 
expand register output bus 288 and multiplexer output 
bus 284 into the pixel value determined by bits 0 to 1 of 
the expand register 286. A 1 on the multiplexer data bus 
will be expanded into the pixel value determined by bits 
2 and 3 of the expand register 286. Thus, the pixel data 
on the multiplexer data bus is encoded at the first level 
to identify either the 0 and 1 or 2 and 3 bits of the ex¬ 
pand register. In this manner, the data from the com¬ 
puter is decoded into pixel data encoded at the second 
level, i.e., the pixel data stored in the expand register, 
which is transmitted when the particular bits of the 
expand register are selected and identified. The second 
level pixel data is stored in the display RAM after other 
modifications, if any, are performed. The pixel data 
stored in the RAM, when read, is utilized together with 
the left/right bit to select a color register to generate 
the pixels of the display as explained hereinbefore. 

The expand register 286 has an address 19H at which 
the CPU may access the expand register in order to 
change the contents. The address 19H (together with an 
OUTPUT signal) transmitted to the address decoder 
214 (FIG. 11B) causes the expand register select line 
217 to be activated which enables the expand register 
286 to receive data on the data bus 66a. In this manner, 
the pixel data values into which data is expanded may 
be changed. 

The expander 278 is shown in greater detail in FIG. 
13. The expand flip-flop 280 has a reset input R con¬ 
nected to the function generator register select line 218 
so that the flip-flop is reset with each output of data to 
the function generator register 274. The flip-flop has a 
clock input C connected to a clock input line 292 and a 
clock input also connected to the clock signal input 
line 292 throu gh an in verter 294. (The line 292 carries a 
clock signal, SHIFT, which will be more fully ex¬ 
plained hereinafter.) 

An output (J is connected to a D input of the flip-flop 
280 so that the flip-flop toggles with each clock signal 
which occurs with each write to the display RAM. The 
output <5 is also connected by a line 296 to the gates of 
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four transistor switches 298 a-d of the multiplexer 282. 
An output Q of the flip-flop is connected by a line 300 
to the gates of four transistor switches 302 a-d. (The 
flip-flop 280 is shown in greater detail in FIG. 19). 

The inputs of the transistor switches 29Sa-d are con¬ 
nected to the four most significant bits (the upper half) 
of the data bus 66a with the transistor switches 302 a-d 
connected to the four least significant bits (the lower 
half) of the data bus 66a. If the state of the expand flip- 
flop 280 is a logical 1, the transistor switches 30 2a-d 
will conduct the lower half of the data bus 66a to the 
expander. Otherwise, a logical 0 will cause the transis¬ 
tor switches 298a-298</ of the multiplexer 282 to con¬ 
duct the upper half of the data bus 66a. 

The output of the transistor switches 302c? and 29Hd 
are connected by an inverter 304 to the gates of a pair of 
transistor switches 306a and 3066 of the expander de¬ 
coder indicated generally at 290. The output of the 
inverter 304 is also connected by an inverter 308 to the 
gates of a pair of transistor switches 310a and 3106. 

A line 312a is connected to grond by a transistor 314 
whose gate is connected to the output of bit 0 of the 
expand register 286. (The logic design of each bit of the 
expand register is similar to that of the bit of the latch of 
the microcycle decoder 212 shown in FIG. 15). The line 
312a is connected to the voltage source VDD by the 
transistor 306a and a pull-up transistor 316. 

If the state of bit 0 of the expand register 286 is a 
logical 1, the transistor 314 is turned on which pulls the 
line 312 to ground or logical 0, otherwise it is a logical 
1. Thus the contents of bit 0 of the expand register 
controls the logic state of the line 312 wherein the logic 
state of the line 312 is the complement of bit 0 of the 
expand register 286. In a similar manner, the logic state 
of a line 3126 connected to the transistor switch 3066 is 
the complement of the value of bit 1 of the expand 
register 286. 

Also the logic state of a pair of lines 318a and 3186 are 
the complements of the bits 2 and 3, respectively, of 
expand register 286. The lines 318a and 3186 are con¬ 
nected to the transistor switches 310a and 3106, respec¬ 
tively. 

If the input of the inverter 304 (either bit 0 or bit 4 of 
data bus 66a, depending upon flip-flop 280) is a logical 
0, the transistors 306a and 3066 ae turned on, which 
selects the lines 312a and 3126 which contain the com¬ 
plemented values of bits 0 and 1 of the expand register. 
On the other hand, if the input of the inverter 304 is a 1, 
the transistors 310a and 6 are turned on which selects 
the lines 318a and 3186 containing the complemented 
values of the bits 2 and 3. The transistors 306a and 310a 
are connected to a common output line referred to as 
expand data bit 0 or EDB0. Similarly, the transistors 
3066 and 3106 are connected to output line EDB1; thus 
a bit from the multiplexer 280 at inverter 304 is ex¬ 
panded into the logic states of lines EDO and EDI, or 
simply bits EDO an EDI. A 0 is expanded into bits EDO 
and EDI which are defined by the complement of bits 
0 and 1 of the expand register and a 1 is expanded into 
bits EDO and EDI defined by the complement of bits 2 
and 3 of the expand register 386. 

In a similar manner, the remaining bits of the lower 
half of the data bus 66a, (or remaining bits of the upper 
half if the upper half of the microcycler data bus is 
selected by the multiplexer 282) are expanded into the 
expand data bits ED2 and ED3, ED4 and EDS, and 
ED6 and ED7 which are also defined by the comple¬ 
ment of either bits 0 and 1 or 2 and 3 of the expand 
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register. For example, if the expand register bits 0 and 1 
contain the values 1 and 0, respectively, the expand 
register bits 2 and 3 contain the values 0 and 0, respec¬ 
tively, and the half of the microcycler data bus being 
expanded has the values 0, 1, l and 0. These values will 
be expanded into the pixel values 01, 00, 00 and 01, 
respectively. 

A pixel is generally represented by 2 bits so that a 
byte of pixel data having 8 pixel data bits or 
PDB7-PDB0, represents four pixels with the first pixel 
represented by pixel data bits PDB0 and PDB1, the 
second pixel by PDB2 and PDB1, etc. The pixel data bit 
PDB6 will be referred to as the low bit of the first pixel 
with PDB7 as the high bit. Similarly, the second pixel 
has low and high bits PDB4 and PDB5, etc. 

-The functions shift, rotate, and flop can be thought of 
as operating on pixels as a whole rather than as individ¬ 
ual bits. Accordingly, there is provided a shifter, rota¬ 
tor, and flopper for both of the two bits of data repre¬ 
senting pixels. Thus, referring to FIG. 11C, there are 
provided shifter circuits 320a and 6, rotator circuits 
322a and b, and flopper circuits 324a and b, for the low 
pixel data bits (PDB6, PDB4, PDB2 and PDBO) and the 
high bits (PDB7, PDB5, PDB3 and PDB1), respec¬ 
tively, of a byte of pixel data. 

The expand function, as with all the other functions, 
may be bypassed. Accordingly, the expand decoder 290 
has a 4-bit output line 326a for the low pixel data bits 
connected to inputs of a 2-to-l multiplexer 328a and a 
four-bit output line 326 b for the high pixel data bits 
connected to inputs of a 2-to-l multiplexer 328 b. The 
other four inputs of the multiplexer 328a are connected 
to the low bits (D6, D4, D2 and DO) of the data bus 66a 
by a 4-bit input line 330a with the other 4 inputs of the 
multiplexer 328 b connected to the high bits D7, D5, D3 
and D1 by a line 3306. 

The output of the function generator register 274 is 
connected by a 7 bit output line 332 t o a l atch 334 hav¬ 
ing a control input line for address bit A14 connected to 
the address bus 75 of the CPU. When address bit A14 is 
low, the contents of the function generator register are 
gated through the latch 334. The output of the latch 334 
corresponding to bit 3 of the function generator register 
is connected to the select inputs of the multiplexers 328a 
and 3286 by a line 336. Thus, bit 3 of the function gener¬ 
ator register controls the multiplexers 328a and 3286. 

If bit 3 is a 0, for example, the multiplexer 328a will 
conduct the low bits of pixel data from the expand 
decoder 290 but if bit 3 is a 1, the multiplexer 328a will 
conduct the low bits of pixel data from the data bus 66a. 
The multiplexer 3286 operates in a similar manner for 
the high bits of pixel data. In this manner, the expand 
function may be bypassed by placing a 1 in bit 3 of the 
function generator register. 

The output of the multiplexer 328a is connected to 
the inputs of the shifter 320a and to the inputs of the 
rotator 322a with the output of the multiplexer 3286 
connected to the inputs of the shifter 3206 and rotator 
3226. As noted before, the shift and rotate functions are 
not performed at the same time. Bits 0 and 1 of the 
function generator register 274 control the amount of 
shift, if any, performed by the shifters 320a and 6. The 
outputs of latch 334 corresponding to the bits 0 and 1 
are connected to the shifter 320a and 3206 by a 2 bit line 
338 

Bit 2 of the function generator register controls 
whether a rotate is performed and its corresponding 
latch output is connected to rotators 322a and 3226 by 
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a line 340. The output of the shifter 320a and the rotator 
322a are connected to the inputs of the flopper 324a 
with the output of rotator 3226 and shifter 3206 con¬ 
nected to the input of flopper 3246. The output of the 
latch 334 corresponding to bit 6 of the expand register 
274 is connected to the Hoppers 324a and d by a line 342 
and controls whether a flop function is performed. 

The function generator register 274 is shown in FIG. 
13 to comprise a 7-bit register having 7 inputs con¬ 
nected to the D6-D0 bits of the data bus 66a. (The logic 
design of each bit of the register 274 is also similar to the 
bit of the latch of the microcycle decoder 212 shown in 
FIG. 15). The latch 334 comprises NOR gates 334a-g 
each having an input connected to the address bit line 
A14 and an input connected to an output of bits 6-0 , 
respectively, of the function generator 274. The func¬ 
tion generator register select line 218 is connected by a 
buffer 385, and by an inverter 346, to the function gen ¬ 
erator register 274. 

The multiplexer 3286, rotator 3226, shifter 3206 and 
flopper 3246 for the high pixel data bits are constructed 
and operate in a manner similar to the multiplexer 328a, 
rotator 322a, shifter 320a and flopper 324a, for the low 
pixel data bits. Therefore, only those modifiers for the 
low pixel data bits (PDB6, PDB4, PDB2 and PDBO ) 
will be described in detail. The high and low- pixel data 
bits are modified at the same time and reassembled be¬ 
fore being written to the display RAM. 

The output of the NOR gate 334 d (corresponding to 
bit 3 of the function generator register) is connected by 
line 336 to the select input A of the 4 units 328a0, 328a2, 
328a4 and 328a6 of the multiplexer 328a. The line 336 is 
also connected to the select input B of each multiplexer 
unit by -an inverter 348. 

One such multiplexer unit, 328a0, is shown in greater 
detail in FIG. 20. The multiplexer unit 328a0 has an 
input 1A, connected to the unexpanded MDO bit of the 
data bus 66a and an input, IB, connected to the bit EDO 
of the expand data bus 326a. The EDO input is con¬ 
nected to a D type flip-flop shown generally at 349 
having outputs 4 and 5, by a transistor switch 350 hav¬ 
ing a gate connected to the line 336 (not shown). The 
MDO input is connected to the D flip-flop 348 by a 
transistor switch 351 whose gate is connected to the line 
336 through the inverter 348 (also not shown). Thus if 
the line 336 is logical 1 (which is controlled by bit 3 of 
the function generator register when the address bit 
AT4 is a logical 0), the EDO bit from the expander is 
conducted to the D flip-flop. The output of this D flip- 
flop defines pixel data bit PDBO. The output of the eight 
flip-flops of the multiplexer 328a and 6 for the low and 
high pixel data bits, respectively, together define 
PDB7-PDB0. Thus if the line 336 is logical 1, the pixel 
data bits PDB7-PDB0 will be determined by expand 
bits ED7-ED0. But if the line 336 is a 0, the unexpanded 
bit from the data bus 66a is conducted to the D flip-flop 
and PDBO is defined by MDO. In such a manner, bit 3 of 
the function generator register determines whether the 
expand function is utilized or whether the pixel data 
from the microcycle data bus is transferred directly. 
Each multiplexer unit of multiplexer 328a has an output 
line 352 a-d, respectively, and carries the low pixel data 
bits PDBO, PDB2, PDB4 and PDB6, respectively. 

The output line of each multiplexer unit is connected 
to the shifter for the low pixel data bits, indicated gener¬ 
ally at 320a and the rotator for the low bits, indicated 
generally at 322a in FIG. 13. The shifter 320a comprises 
a programmed logic array (PLA) 321 having a plurality 
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of input lines selectively coupled to a plurality of output 
lines 368 a-p by a plurality of pull-down transistors 350. 
The output lines 352 a-d of the multiplexer 328a are four 
of the PLA input lines. 

The shifter 320a further comprises a register 354a 5 
having 4 bits 354a0, 354a2, 354a4 and 354a6 which are 
connected to the inputs 35 6a-d of the PLA 321, respec¬ 
tively, (with bit 354a0 shown in greater detail in FIG. 
21.) The register 354a stores the 4 low bits of the last 
pixel data byte from the CPU to be written to the dis- 10 
play RAM which may be the previous byte of the se¬ 
quence of bytes (such as those shown in FIG. 6) to be 
shifted. The register 354a is also clocked by the signal 
SHIFT. 

The NOR gate 344a (corresponding to bit 0 of the 15 
function generator register) of the latch 334 is con¬ 
nected by a line 358 to another input of the PLA 321. 
The line 358 is also connected to an input 359 by an 
inverter 360. NOR gate 3446 (corresponding to bit 1 of 
the function generator register) of latch 334 is con- 20 
nected by a line 362 to an input of the PLA, with the 
line 362 also connected to an input 364 by an inverter 
366, Bits 0 and 1 of the function generator register de¬ 
fine the least and most significant bits of the shift 
amount performed by the shifter 320a. Each of the 25 
output lines 368 a-p is connected to the voltage source 
VDD by one of a plurality of pull-up transistors 370. 

The actual amount of the shift performed by the 
shifter 320a is the complement of the bits contained 
within bits 0 and 1 of the function generator register 30 
since the NOR gates 344a and 6 invert the outputs of 
bits 0 and 1 when the address bit A14 is low. Thus, if bits 
0 and 1 have the value “11”, this is complemented to the 
values “00” resulting in a shift of 0 pixel positions, 

A shift of 1 position shown in FIG. 6 will be ex- 35 
plained to illustrate the operation of the shifter 320a. If 
the bits 1 and 0 of the function generator register have 
the value “10”, the complement of this is “01” indicat¬ 
ing a shift of 1 pixel position. Thus, the line 358 will 
have the logic value of 1 with the line 362 at a logic 40 
value 0. The lines 359 and 364 will, of course, be a 
logical 0 and 1, respectively. As seen by the placement 
of the pull-down transistors 350, a logical 1 on the line 
358 and the line 364 results in all the output lines being 
pulled down to logical 0 except output lines 368c 368g, 45 
368& and 368o since these lines do not have a pull-down 
transistor coupled to either the input line 358 or 364. 

The output line 386c does have a pull-down transistor 
350a coupled to the input line 3526 which carries pixel 
data bit PDB2 from the multiplexer 328a. Thus the 50 
logic state of the output line 368c is the complement of 
the logic state of the input line 3526 (or PDB2) from the 
output of the multiplexer unit 328a2. The pixel data bit 
PDB0 output of the shifter corresponds to output lines 
368 a-d and the particular value of PDB0 depends upon 55 
which of the lines 368 a-d are selected by the input lines 
358 and 362. Here, output line 368c was selected, there¬ 
fore the pixel data bit PDB0 output of the shifter is 
defined by the PDB2 output of the multiplexer (but 
complemented). Since PDB0 is the low bit of the two 60 
bits representing the first pixel of a byte of pixel data 
and PDB2 is the low bit of the two bits representing the 
second pixel, it is seen that the pixel data values output¬ 
ted by the multiplexer have shifted one pixel position. 

Output lines 368 e-h of the shifter correspond to 65 
PDB2 with output lines 368/-/ and 368 m-p correspond¬ 
ing to PDB4 and PDB6 respectively. The output line 
368g is coupled by a pull-down transistor 3506 to the 
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line 352c which carries the bit PDB4 from the multi¬ 
plexer. Thus output line 368g (PDB2 of the shifter) has 
the complement of the logic state of PDB4 from the 
multiplexer. Output line 368A: (PDB4) has the comple¬ 
ment of the bit PDB6 from the multiplexer. 

The output line 368a of the shifter corresponding to 
PDB6 is coupled by a pull-down transistor 35Q</ to the 
output bit 354a0 of the register 354a. Register 354a 
stores the low pixel data bits of the previous pixel data 
byte from the CPU to be written to memory. Bit 354a0 
contains the pixel data bit PDB0 of the previous byte. 
Thus the logic state of the output line 368a (PDB6) is 
the complement of the bit PDB0 of the previous byte to 
be written. 

Thus, for example, if the output bits PDB6, PDB4, 
PDB2 and PDB0 of the multiplexer 328a are the low 
bits of the 8 bits representing the pixel values P7, P6, P5 
and P4, respectively, of byte 1 of the sequence of bytes 
to be shifted shown in FIG. 6, and the output of the 
register 354a0 is the low bit of the 2 bits representing 
pixel vale P0 of the prior byte of the sequence, it is seen 
that the low pixel data bits PDB6, PDB4, PDB2 and 
PDB0 of byte 1 (together with the high pixel data bits 
PDB7, PDB5, PDB3 and PDB1) represent pixel data 
values P0, P7, P6 and P5, respectively, after a shift 
operation of 1 pixel position. 

It is assumed that the first byte of pixel data of a 
sequence of bytes to be shifted is the first byte to be 
written to the display RAM after an output by the CPU 
to the function generator register. Accordingly, each 
bit of the register 354a has a reset input connected by a 
line 372 to the function generator register select line 218 
such that the register 354a is reset to 0 with each output 
to the function generator register. Thus zeros are 
shifted into the first byte of a sequence as shown in FIG. 
6. Each sequence is initialized by an output to the func¬ 
tion generator register and therefore data should not be 
sent to the function generator register in the middle of 
the sequence. 

The output pixel data of the shifter are in comple¬ 
mented from (whether shifted or not) and will be re¬ 
complemented by the flopper indicated generally at 
324a . The NOR gate 344g has an input connected to the 
A14 address bit and an input connected to bit 6 of the 
function generator register 274 which determines 
whether the flop function is performed when A14 is 
low. The output of the NOR gate 344 g is connected by 
a line 374 to the gates of four transistor switches 316a-d. 
The logic state of the input line 374 is inverted by an 
inverter 378 whose output is connected to the gates of 
transistor switches 380 a-d of the flopper 324a. The 
output lines 368a-/? of the shifter 320a are the input lines 
of the flopper 324a. The flopper 324a also comprises a 
programmed logic array having output lines 38 2a-h 
coupled to the input lines 368 a-p by a plurality of pull¬ 
down transistors 384. 

The output lines 382a and 6 are connected by the 
switches 376a and 380a, respectively, to a buffer 385 
having an output line which is the flopper PD B0 output 
line 377a. (A typical buffer 385 logic circuit is shown in 
FIG. 22).Lines 382c and d are connected by switches 
3766 and 3806, respectively, to a buffer 385 having the 
flopper PDB2 output line 3776, with the lines 382c and 
/connected by switches 376c and 380c, respectively, to 
a buffer 385 having the flopper PDB4 output line 377c, 
and the output lines 302g and h connected by switches 
316d and 380 d, respectively, to a buffer 385 having the 
flopper PDB6 output line 311d . The input line 368c 
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(containing the complemented output pixel data bit 
PDBO of the shifter when set for a shift of 1 pixel posi¬ 
tion) is coupled to the output line 3826 by a pull-down 
transistor 384a and to the output line 382g by a pull¬ 
down transistor 3846 wherein the logic state of the 
complemented shifter output bit PDBO is recomple¬ 
mented and carried uncomplemented on the flopper 
output lines 3826 and 382g. A logical 1 state on the input 
line 374 turns on the transistor switch 376 d whereby the 
shifter output bit PDBO is conducted to the flopper 
PDB6 output line Tlld. Thus, the PDBO output of the 
shifter 320a is flopped to the flopper 324a output bit 
PDB6 when the input line 374 is a logical 1. On the 
other hand, if the logic state of line 374 is 0, the output 
of the inverter 378 is a logical 1 which turns on the 
transistor switch 380a which conducts the shifter PDBO 
bit to the flopper PDBO line 377a and is not flopped. 
Thus when the logic state of the input line 374 is 0, the 
output of the shifter is not flopped. The other inputs of 
the flopper 324a for the bits PDB2, PDB4 and PDB6 
are handled in a similar manner. 

As an example, if the byte of pixel data being written 
to the display RAM represents pixel values P7, P6, P5 
and P4 as for the byte of original data of FIG. 6 and the 
shifter is set for zero shifts so that the shifter does not 
shift the data, then the PDB6, PDB4, PDB2 and PDBO 
output bits of the shifter 320a are the low bits of the bits 
representing pixel values P7, P6, P5 and P4, respec¬ 
tively, (but complemented). When bit 6 of the function 
generator register is a logical 0, the logic states of the 
pixel data bits will be recomplemented and flopped so 
that the PDB6, PDB4, PDB2 and PDBO output bits of 
the flopper 324a (together with the PDB7, PDB5, 
PDB3 and PDB1 output bits of the flopper 3246) repre¬ 
sent the pixel data values P4, P5, P6 and P7 after the 
flop operation as shown in FIG. 6. 

The rotation function is performed on the low pixel 
data bits by a rotator indicated generally at 322a and 
comprises a programmed logic array 386 having 4 input 
lines connected to the register 354 PDBO, PDB2, PDB4 
and PDB6 output lines 3S6a-d and 12 input lines con¬ 
nected to the 12 outputs of four 3-bit shift registers 
388-391. The input of the First bit 388a of the shift regis¬ 
ter 388 is connected to the PDBO input line 356a with 
the inputs of the first bits 389a-391a of register 389-391 
connected to the PDB2, PDB4 and PDB6 lines 356 b-d, 
respectively. (A typical bit circuit 388a of the bits of the 
shift registers 388-391 is shown in greater detail in FIG. 
23). 

The rotator is used to rotate a four by four pixel 
image 90° in a clockwise direction. The four-by-four 
pixel image represented in FIG. 7A is shown with the 
individual pixel data bits PDB0-PDB7 of each of the 
four data bytes labeled. The rotator is initialized by an 
output to the function generator register and will reini¬ 
tialize itself after every 8 writes to the display RAM. To 
perform a rotation, the following procedure is per¬ 
formed. The top byte or byte 0 of the unrotated image 
is written to a location in the display RAM. The next 
byte, byte 1 is written to the first location plus 40, byte 
2 to the first location plus 80, and the last byte, byte 3 to 
the first location plus 120. These four locations corre¬ 
spond to 16 contiguous pixels since 40 bytes represent 
one line of pixels on the display screen. The process is 
then repeated with byte 0 rewritten to the first location, 
byte 1 to the first location plus 40, byte 2 to the first 
location plus 80 and byte 3 to the first location plus 120. 
After these 8 writes, the data will appear in the display 
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RAM and (subsequently) the image on the screen ro¬ 
tated 90° from the original as shown in FIG. 7B. 

The low 4-bit rotator 322a further comprises a 3-bit 
counter 394 for counting the 8 writes completed in a 
rotate sequence. (The logic circuitry of the bits 0-3 is 
shown in greater detail in FIG. 24 with bit 3 excluding 
that portion shown in phantom.) The counter 394 has a 
“clear” input, 2, connected to the function generator 
register select line 218 so that the counter is initialized 
to 0 with each output to the function generator register 
274. A NOR gate 400 having a “PATEN” control 
signal input and an address bit A14 input is connected 
by series connected inverters 396 and 398 to the toggle 
input of the counter 394. The DATEN control signal is 
generated by a memory control circuit (FIG. 11F) of 
the data chip and is activated during memory write 
cycles. The N OR g ate 400 has the input connected to 
the address bit A14 so that the counter is toggled only 
during memory write cycles in which the data written is 
to be modified by the function generator. 

The output of the third bit (bit 2) of the counter 394 
is connected to the input of a NOR gate 402 which also 
has an input connected to the output of t he invert er 396. 
The output signal of the NOR gate 402, SHIFT is con¬ 
nected to the shift inputs of the shift registers 388-391 
and clock inputs of register 354 (as well as flip-flop 280 
of the expander). During the first four memory writes of 
a rotate sequence, the third bit of the counter 394 is 0 
(since the counter counts from 000 to Oil) therefore, the 
NOR gate 402 performs as an inverter wherein the 
DATEN signal from the inverter 396 generates a shift 
signal at the output of the NOR gate 402 with each of 
the first four writes to the display RAM of a rotate 
sequence. With the next or fifth write, however, the 
third bit of the counter 394 goes to a logical 1 which 
drives the output of the inverter 402 low for the last 
four memory writes of a rotate sequence. The SHIFT 
clock signal is activated with each write to the display 
RAM (except for the last four writes of a rotate opera¬ 
tion) whether or not the rotate function is utili zed in a 
write of data to the display RAM. Thus the SHIFT 
signal is also used to clock the Expand flip-flop 280 so 
that the flip-flop 280 toggles with each write opertion to 
the display RAM. 

Each low bit of the first three bytes of a rotate se¬ 
quence are shifted into the shift registers 388-391 of the 
low bit rotator 322a. Shift register 388 stores the pixel 
data bit PDBO of pixels P0, P4 and P8 of the first three 
bytes, respectively, of the rotate sequence of FIG. 7A. 
Similarly, shift register 389 contains the low pixel data 
bit PDB2 of pixels PI, P5 and P9 after the first four 
memory writes of the rotate operation. The particular 
pixel data bits for each of the registers 388-391 are 
shown in FIG. 40. 

The programmed logic array 386 of the rotator 322a 
further has inputs 404a-404e connected to the outputs 
of bits 388a-388c, respectively, of the shift register 388. 
The output of bits 389a-c of the shift register 389 are 
connected to the input lines 406a-c with the output of 
bits 390a-c and 391a-c of the shift registers 390 and 391 
connected to the input lines 408a-c and 410a-c, respec¬ 
tively. The input lines 356a-d from the register 354 are 
coupled to output lines 412 a-d, respectively, by four 
pull-down transistors 414. The output lines AX2a-d are 
connected by four transistor switches 416 a-d to the 
voltage source VDD by a pull-up transistor 418 and 
also to a common output line 420 which carries the pixel 


5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 


www.FreePatentsOnline.com 










4 , 301,503 


29 

data bit PDB6 output of the rotator in complemented 
form. 

The input lines 404a, 406a, 408 a and 410a (from the 
LSB of the shift registers 388-391) are coupled to out¬ 
put lines 42 2a-d, respectively, by four pull-down tran¬ 
sistors 424. The output lines 422 a-d are connected by 
four transistors switches 4 26a-d, respectively, to a com¬ 
mon output line 428 and to voltage source VDD by a 
pull-up transistor 430. The output line 428 carries the 
pixel data bit PDB4 output of the rotator in comple¬ 
mented form. The input lines 4046, 4066, 4086 and 4106 
and input lines 404c, 406c, 408c and 410c are coupled to 
output lines 432 a-d and output lines 434 a-d, respec¬ 
tively, by pull-down transistors 436 and 438 respec¬ 
tively. 

The output lines 432 a-d are connected by four tran¬ 
sistor switches 44Qa-d to a common output line 422 (for 
pixel data output bit PDB2) and to the voltage VDD by 
a pull-up transistor 444. The output lines 434 a-d are 
connected by four transistor switches 44 6a-d to a com¬ 
mon output line 448 (for pixel data output bit PDB0) 
and to voltage source VDD by a pull-up transistor 450. 

The rotator 322tf has a second programmed logic 
array 452 having four output lines 454-457 which con¬ 
trols the transistor switches 416, 426, 440 and 446. The 
output line 457 is connected to the gates of the transistor 
switches 416a, 426a, 440a and 446a with the output line 
456 connected to the gates of the transistor switches 
4166, 4266, 4406 and 4466, etc. 

The program logic array 452 has an input line 460 
connected to the output (J of the third bit of the counter 
394. The input line 460 is coupled to each of the output 
lines 454-457 by four pull-down transistors 462. Thus, 
when the third bit of the counter 394 is a logical 0 (i.e., 
during the first four writes to the display RAM of the 
rotate sequence) the output of the third bit is a logical 
1 which pulls down the four output lines 454-457 of the 
PLA 452 which turns off the transistor switches 416 a-d, 
422 a-d, etc. These switches are turned off since during 
the first four writes, the four shift registers 388-391 are 
being loaded with the proper pixel data bits of the first 
four writes. The PLA 452 has an input line 463 con¬ 
nected by an inverter 464 to the output of the NOR gate 
344c of the latch 344. The input line 463 is coupled to 
the output lines 454-457 by four pull-down transistors 
466, respectively. If bit 3 of the function generator reg¬ 
ister 274 is a logical 1, the logic state at the input line 463 
will also be a logical 1 which pulls down the output 
lines 454-457 to a logical 0 turning off the transistor 
switches 416 a-d, 4 26a-d, etc. of the programmed logic 
array 386. The rotate function may be bypassed in this 
manner. 

The PLA 452 has inputs 468 and 470 connected to the 
Q outputs first and second bits, respectively, of the 
three-bit counter 394. The input line 468 is connected to 
a second input line 469 by an inverter 472. The input 
line 470 is connected to still another input line 471 by an 
inverter 474. The input lines 468-471 are coupled to the 
output lines 454-457 by a plurality of pull-down transis¬ 
tors 476 such that as the counter 394 counts from 4 (100 
Binary or B) to 7 (111 B) the output lines 454-457 are 
successively activated. Thus, when bits 1 and 2 of 
counter 394 are both 0 , the output line 454 is enabled 
and with bits 1 and 0 equal to 01, respectively, output 
line 455 is enabled, etc. 

As noted before, during the first writes of the rotate 
sequence, the shift registers 388-391 are loaded with 
their respective bits of the first three bytes of the rotate 
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sequence of data with the last byte being stored in regis¬ 
ter 384. This corresponds to counts 0-3 of the counter 
394. For counts 4-7 data is no longer shifted into the 
registers while the CPU re-transmits the four pixel data 
bytes of the sequence to be rotated. At count (100 B) in 
which byte 0 is transmitted, the output line 454 is en¬ 
abled which turns on the transistor switches 416cf, 426 d, 
440 d and 446 d. 

Since output line 412a* is coupled to input line 456 d 
from register 384, pixel data bit PDB6 of the previous 
(and last) data byte of the sequence (i.e., byte 3), appears 
on the output line 420 (PDB6) of the rotator in comple¬ 
mented form. The pixel data bit PDB6 of byte 3 of the 
sequence is the lower bit of the pixel value represented 
by P15. The lower pixel data bit representing the pixel 
data value Pll stored in the 391a bit of the shift register 
391 connected by the input line 410a is complemented 
by a pull-down transistor 424 and conducted by the 
transistor switch 42 6d to the PDB4 output line 428 of 
the rotator 322a. In a similar manner, the low pixel data 
bits representing pixel data values P7 and P3 stored in 
the shift register 391 appear on the rotator 322a pixel 
data outputs PDB2 and PDB0, respectively, since the 
transistor switches 440 d and 446 d, respectively, are 
turned on. Thus, although the CPU transmits byte 0 at 
count 100 B, the byte representing pixel data values 
P15, Pll, P7 and P3 is actually written to the display 
RAM at the first location as shown in FIG. 7B. 

On the next write to the display RAM, the count of 
the counter 394 changes to 101 B wherein the PLA 452 
in turn causes the transistor switches 4166, 4266, 4406 
and 4466 to turn on. The low pixel data bit representing 
pixel data value P14 carried by input line 356c from the 
register 354 appears in complemented form on the rota¬ 
tor 322a output PDB6 line 420. Also, the low pixel data 
bits representing pixel data values P10, P6 and P2 stored 
in the register 390 appear in complemented form on the 
rotator 322a PDB4, PDB2 and PDB0 output lines 428, 
442 and 448, respectively, and are stored in the first 
memory location plus 40, as indicated in FIG. 7B. After 
the last two writes, the low pixel data bits (as well as the 
high pixel data bits from the rotator 3 22d) representing 
the pixel data values will appear in the display RAM as 
shown in FIG. 7B. The flopper 324a recomplements the 
pixel data bits from the rotator 322a so that the pixel 
data bits are stored in uncomplemented form in the 
display RAM. 

Thus, the pixel data that will be written to the display 
RAM is transmitted by the CPU in the first four 
“writes” to the display RAM of the four bytes of the 
rotate sequence and is latched up in the registers 
388-391 and 354. The rotate sequence is then re-trans¬ 
mitted (but any data could actually be sent) to the same 
four addresses of the display RAM with the pixel data 
latched up in the registers 354 and 388-391 actually 
being written to those four display RAM addresses 
represented in FIG. 7B. The rotator, shifter and flopper 
circuits for the high pixel data bits (PDB7, PDB5, 
PDB3 and PDB1) are indicated generally at 3226, 3206 
and 3246, respectively, in FIG. 13. The modifications to 
the high pixel data bits PDB7, PDB5, PDB3 and PDB1 
are performed by the rotator 3226, the shifter 3206 and 
the flopper 3246 simultaneously with the modifications 
performed on the low pixel data bits. Each pixel data 
value, represented by a high and a low pixel data bit, 
can be shifted, flopped, or rotated as shown in FIGS. 6 
and la and 6. 
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The OR and exclusive-OR functions are performed 
by an OR/exclusive-OR circuit 480 shown in FIG. 11C 
to have a four bit input line 482a connected to the out¬ 
put of the low pixel data bit flopper 324a and a four bit 
input line 4826 connected to the output of the high pixel 
data bit Hopper 324/?. The OR/exclusive-OR circuit 480 
has two further inputs connected by a two-bit input line 
484 to the latch 334 which latches the complement of 
bits 4 and 5 of the function generator register 274 when 
the address bit A14 is low. These bits determine 
whether or not the OR or exclusive-OR functions, re¬ 
spectively, are performed. 

These functions can be thought of as operating on a 
byte of pixel data as 8 bits rather than as 4 pixels. When 
the OR function is used in writing data to the display 
RAM, the input to the OR/exclusive-OR circuit is 
ORed with the contents of the display RAM location 
being accessed by the addressed chip. Accordingly, the 
OR/exclusive-OR circuit 480 has 8 inputs connected by 
an 8-bit input line 486 to a tri-state buffer 488 which is 
connected to an 8-bit memory data bus 490 from the 
display RAM which carries the memory data bits MD0- 
MD7. 

Pixel data that was stored in the display RAM which 
is to be used in an OR or exclusive-OR operation, is 
latched up in the OR/exclusive-OR circuit 480. The 
OR/exclusive-OR circuit 480 has an 8-bit output line 
492 connected to the tri-state buffer 488 on which the 
resultant pixel data is carried to be stored at the display 
RAM location from which the pixel data was accessed. 

The OR/exclusive-OR circuit 480 is shown in greater 
detail in FIG. 13 and comprises 8 units 480a-6. Each 
OR/exclusive-OR unit can perform an OR or exclusive- 
OR (as determined by bits 4 and 5 of the function gener¬ 
ator register 274) on a pixel data bit from the flopper 
and from the display RAM and can store the resultant 
pixel data bit in the display RAM. 

A typical unit 480a is shown in greater detail in FIG. 
25. The unit 480a has an input connected to the output 
line 377a (which is one of the input lines 482a in FIG. 
11C) which carries the pixel data bit PDB0 output of 
the flopper 324a and an input 486a which carries the 
pixel data bit PDB0 from the display RAM. The unit 
has an input 484a connected to the output of the NOR 
gate 344e of the latch 334 associated with bit 4 of the 
function generator register 274. Bit 4 determines 
whether or not the OR function is performed. The input 
line 484a is also connected to an inverter (not shown) 
having an output connected to an input 494. The unit 
has an input 4846 connected to the output of the NOR 
gate 344/ associated with bit 5 of the expand register 
which controls whether or not the exclusive-OR func¬ 
tion is performed. The input line 384/? is also connected 
to an input line 496 by an inverter 498. 

The input line 377a (the PDB0 bit from the flopper) is 
connected by an inverter 500 which is connected to a 
line 502. The input line 486a (for the PDB0 bit from the 
display RAM) is connected to a latch indicated gener¬ 
ally at 504 which latches up the pixel data bit from the 
display RAM until the pixel data bit from the flopper 
arrives for the OR or exclusive-OR function. The latch 
504 has an output line 506 which is connected to a line 
508 by an inverter 510. 

The unit 480a further comprises a programmed logic 
array indicated generally at 512 which performs either 
the OR function or exclusive-OR function (or neither) 
as determined by bits 4 and 5 of the function generator 
register. The PLA 512 has output lines 514 a-e selec- 
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tively coupled by a plurality of pull-down transistors 
516 to the lines 500, 502, 508, 377a, 494a, 494, 484/?, and 
496. The lines 514a-c are connected to a NOR gate 516 
having an output connected to an inverter 518 which 
has an output 492a (of lines 492 FIG. 11C). 

To illustrate the operation of the unit 480a, it will be 
assumed that bits 4 and 5 of the function generator 
register have the values 0 and 1, respectively, which 
indicates an OR function is to be performed. When bit 4 
is a logical 0, line 484a is a logical 1 which pulls-down 
the lines 514a, 5146 and 514 d to a logical 0. The PDB0 
bit from the flopper carried on the line 377a is inverted 
by the inverter 500 and recomplemented by the pull¬ 
down transistor 516a so that line 514c carries the PDB0 
bit from the flopper in the uncomplemented form. The 
PDB0 bit from the display RAM is complemented by 
the inverter 510 and recomplemented by the pull-down 
transistor 5166 so that the line 514c carries the PDBO bit 
from the display RAM in the uncomplemented form. 
Thus, if either the line 514c or line 514c is a logical 1, the 
output of the NOR gate 516 will be a logical 0 which is 
inverted by the inverter 518 to a logical 1 on line 492a. 
However, if both the lines 514c and c are logical 0, the 
output of the NOR gate 516 is a logical I and the output 
of the inverter 518 is a logical 0. Thus, the logical OR 
function is performed on the PDBO bits from the display 
RAM and from the CPU transmitted through the flop¬ 
per. 

To perform an exclusive-OR function, bits 4 and 5 of 
the function generator register are set to 1 and 0, respec¬ 
tively. The input line 494 then is a logical 1 which pulls 
the lines 514c and 514c to a logical 0. Also, the line 4846 
is a logical 1 which pulls the line 514 d in addition to a 
logical 0. The line 377a which carries the PDBO bit 
from the CPU (transmitted through the flopper 324a) is 
coupled to the line 5146 by a pull-down transistor 516c. 
The line 508 which carries the complemented PDBO bit 
from the display RAM is coupled to the line 514/? by a 
pull-down transistor 516*/. Thus, if the PDBO bit from 
the CPU is a logical 0 and the complemented PDBO bit 
from the display RAM is a logical 0 (i.e., the PDBO bit 
from the display RAM is a logical 1) the logic state of 
the line 5146 will be a logical 1 resulting in the output of 
the NOR gate 516 being a logical 0 and the output line 
492a of the OR/exclusive-OR unit 480a being a logical 
1. Otherwise, the logic state of the 5146 line is a logical 
0 and the logic state of the output line 492a depends 
upon the logic state of the line 514a. 

The line 502 which carries the complemented PDBO 
bit from the CPU is coupled to the line 514a by a pull¬ 
down transistor 516e. The line 506 which carries the 
PDBO bit from the display RAM is coupled to the line 
514a by a pull-down transistor 516/ Thus, if the com¬ 
plemented PDBO bit from the CPU is a logical 0 (i.e., 
the PDBO bit from the CPU is a logical 1) and the PDBO 
bit from the display RAM is a logical 0, the logic state 
of the line 514a will be a logical 1 causing the output of 
the NOR gate 516 to be a logical 0 and the output of the 
OR/exclusive-OR unit 480a at the output line 492a to 
be a logical 1. 

If both the PDBO bit from the display RAM and from 
the CPU are both 0 or alternatively are both 1, the logic 
state of both lines 514a and 6 will be a logical 0 causing 
the output of the NOR gate 516 to be a logical 1 and the 
output line 492a of the OR/exclusive-OR unit 480a to 
be a logical 0. Thus, the exclusive-OR function may be 
performed on the PDBO bits from the display RAM and 
the CPU. 
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In a similar manner, a logical OR or exclusive-OR 
function can be performed on the PDB1-PDB7 bits 
from the CPU and the display RAM by the units 4806-6 
shown in FIG. 13. The output line 492 of each OR/ex- 
clusive-OR unit 480 a-h is connected to the tri-state 
buffer indicated generally at 488 which is in turn con¬ 
nected to the memory data bus 490. The tri-state buffer 
488 has 8 units 488a-6. 

A typical tri-state buffer unit 488a is shown in greater 
detail in FIG. 26. The unit 488a has an input/output line 
522 connected to the MDO bit of the memory data bus 
490. The tri-state buffer unit 488a also has an output line 
524, and an input line 5 26 connec ted to the DATEN 
control signal. When the DATEN control signal is low, 
the logic state of the output line 522 is the same as the 
data bit carried on the input line 492a from the OR/ex- 
clusive-OR unit 480a. In this manner, the pixel data 
outputted from the OR/exclusive-OR unit may be 
transmitted to the display RAM at an address supplied 
through the address chip. 

The CPU may read an intercept register 528 (FIG. 
11C) having address 8H to determine if an intercept 
occurred during a write to the display RAM in which 
the OR or exclusive-OR function is utilized. An “inter¬ 
cept” is defined as the writing of a non-zero pixel data 
value at a location in the display RAM that previously 
contained a non-zero pixel data value. The intercept 
register 528 has an input connected to the 4-bit output 
line 4826 of the flopper 3246 and an input connected to 
the 4 bit output line 482a of the flopper 324a by which 
the pixel data bits from the CPU may be inputted. The 
intercept register 528 also has an 8-bit input line 530 
connected to the OR/exclusive-OR circuit 480 by an 
8-bit line 530. The output of the intercept register 528 is 
connected by an 8-bit output line 532 to the input of a 
2-to-l multiplexer 534. 

The intercept register 528, shown in greater detail in 
FIG. 13, comprises 8 units 528 a-h. A 1 in a particular 
intercept register unit means that an intercept has oc¬ 
curred. Since a pixel is represented by 2 bits of data, a 
byte of pixel data represents 4 pixels and thus has 4 pixel 
positions. Intercept register units 528 a-d indicate 
whether an intercept has occurred in any of the 4 pixel 
positions in the last write to the display RAM in which 
the OR or exclusive-OR functions were utilized. The 
unit 528a indicates whether an intercept has occurred in 
the first pixel position with the unit 5286 indicating 
whether an intercept has occurred in a second pixel 
position, etc. 

The unit 528a, typical of the units 52 Sa-d, is shown in 
greater detail in FIG. 27. The unit 528a comprises a 
NOR gate 536 having an input 538 (connected to one of 
the lines 482a, FIG. 11C) for the PDB0 pixel data bit 
and an input 540 (connected to one of the lines 4826, 
FIG. 11C) for the PDB1 pixel data bit from the CPU. 
PDB0 and PDBI represent a pixel that is being ORed or 
exclusive-ORed with pixel data contained in the display 
RAM. The unit 528a further comprises a NOR gate 542 
having an input 530a for the PDB0 bit from the display 
RAM latched up in the unit 480a of the OR/exclusive- 
OR circuit 480 and an input 5306 for the PDBI pixel 
data bit from the display RAM latched in the unit 4806 
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If the pixel transmitted from the CPU via the flopper 
524a and 6 and represented by pixel data bits PDB0 and 
PDBI is a non-zero pixel, that is, the logic state of the 
lines 538 or 540 is a logical I, then the output of the 
5 NOR gate 536 is a logical 0. Similarly, if the pixel from 
the display memory latched up in the OR/exclusive-OR 
unit is a non-zero pixel, the output of the NOR gate 542 
is a logical 0. If the output of both NOR gates 536 and 
542 is a logical 0 (i.e., an intercept has occurred in the 
10 OR or exclusive-OR operation) the output of the NOR 
gate 538 is a logical 1 at the line 550. The other intercept 
register units 528 b-d operate in a similar manner to 
indicate whether an intercept has occurred in the other 
3 pixel positions. 

15 The intercept register units 528 e-h give the intercept 
information for all OR and exclusive-OR writes since 
the last read or input from the intercept register 528 by 
the CPU. An input from the intercept register resets the 
outputs of these units. Thus, each of the 4 intercept 
20 register units 528e-h is set to 1 if an intercept occurs in 
the corresponding pixel position and will not be reset 
until the next intercept register input. 

The unit 528e, typical of the units 528e-h, is shown in 
FIG. 28 to have an input 558 which is connected to the 
25 output 550 of the unit 528a. The input 558 is connected 
to the input of an AND gate 560 which has another 
input 562 for a clock signal. The output of the AND 
gate 560 is connected to the input “S” of an SR flip-flop 
indicated generally at 564 and having an output line 566 
30 (which is one of the lines 532 of FIG. 11C). The SR 
flip-flop 564 has a reset input “R” line 568 connected to 
input 2. 

If an intercept occurs in the first pixel position, the 
input line 558 will assume a logical 1 state since it is 
35 connected to the output of the intercept register unit 
528a. When the clock signal on line 562 is a logical 1 the 
flip-flop 564 will be set. The flip-flop will remain set 
even though subsequent OR or exclusive-OR opera¬ 
tions do not result in an intercept in the first pixel posi- 
40 tion. The unit 528e will remain set until the flip-flop is 
reset when the data is input from the intercept register 
528. The intercept register select line 222 is connected 
to a delay indicated at 569 (FIG. 13) whose output is 
connected to the reset input ‘2’ of each unit 528 e-h. 

45 Referring back to FIG. 11C, the output of the inter¬ 
cept register 528 is connected by the 8-bit output line 
532 to the multiplexer 534. The 8-bit line 532 comprises 
the output lines 556 from the intercept register units 
528a-d and the output lines 566 from the intercept regis- 
50 ter units 528 e-h (FIG. 13). The multiplexer 534 has a 
select input connected to the select line 222 from the 
address decoder 214 (FIG. 11B) so that when the line 
222 is enabled (corresponding to address 8H) the input 
lines from the intercept register 528 are selected. The 
55 multiplexer further has inputs connected to outputs of 
the OR/exclusive-OR circuit 480 by an 8 bit line 570. 
The OR/exclusive-OR circuit latches up data as it is 
read from the display RAM which may be data other 
than pixel data for OR or exclusive-OR operations such 
60 as instructions to be executed from the display RAM 
which are to be transmitted to the CPU. 

The output of the multiplexer 534 is connected to the 
tri-state buffer 273. [As seen in FIG. 25, the line 570a of 
the input line 570 (FIG. 11C) is connected to the line 


of the OR/exclusive-OR circuit. 

The output of the NOR gate 536 and the NOR gate 65 506 of each unit of the OR/exclusive-OR unit by the 
542 are connected to NOR gate 548 having an output inverter 510]. 

line 550. Line 550 is connected by a transistor switch The multiplexer 534 is shown to comprise 8 units 
552 to an inverter 554 having an output line 556. 534a-6 in FIG. 13. Each unit selects either a bit of data 
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from the intercept register 528 or a bit of data from the 
display RAM latched up in the OR/exclusive-OR cir¬ 
cuit 480 depending upon the logic state of input select 
signals. 

A typical multiplexer unit 534 a is shown in FIG. 29 to 
comprise an AND gate 572 having an input 53 la (one of 
the 8 bit input lines indicated as 532 in FIG. 11C) con¬ 
nected to the complemented output of the intercept 
register unit 528a at line 556 (FIG. 27) and a select input 
576 connected to the intercept registers select line 222 . 
An AND gate 578 has an input 570c (which is one of the 
input lines indicated as 570 in FIG. 11C) connecting the 
complemented latch output of exclusive-OR unit 480 h 
and a select input 582. The outputs of the AND gate 572 
and 578 are connected to a NOR gate 584 having an 
output line 588a which is the output line of the unit 534a 
(and is one of the 8 lines indicated at 588 in FIG. 11C 
connecting the multiplexer 534 to the tri-state buffer 
273). 

If the select signal line 582 is a logical 0, then the 
output of the AND gate 578 is a logical 0. And, if the 
intercept register select line 222 is a logical 1 , then the 
input line 576 is also a logical 1 and the output of the 
AND gate 572 will be the same as the logic state of the 
input line 532a carrying the complemented data bit 
from the intercept register. The NOR gate 584 will then 
recomplement the data. Since the data from the inter¬ 
cept register is in complemented form, the data appear¬ 
ing on the output line 588 will be uncomplemented. 
Conversely, if the intercept register select line 221 is a 
logical 0 and the select input 582 is a logical 1, then the 
complemented data from the display RAM latched up 
in the OR/exclusive-OR circuit 480 will appear in un¬ 
complemented form on the output line 588. The data on 
the output line 588 will be transmitted to the CPU via 
the microcycle data bus 66 . 

The select line 582 is shown in FIG. 13 to be con¬ 
nected to a line 583 which carries the select signal 
MENB1 which generated by the logic elements indi¬ 
cated generally at 585. The inputs to the elements 585 
include the CPU control signal Ml. 

The Z-80 CPU requires instruction data to arrive in 
an Ml cycle (instruction fetch) at a different time than 
data during non-Ml cycles. The data latched up in the 
OR/exclusive-OR circuit may be instructions that were 
stored in a scratchpad portion of the display RAM. The 
elements 585 which generate MENB1 which loads the 
instruction onto the microcycle data bus 66 (via the 
output lines 588 and tri-state buffer 273), insert a delay 
so that the instructions arrive at the CPU at the proper 
time. _ 

It should be noted that non-Ml cycle data from the 
RAM may be transferred directly from the memory 
data bus 490 to the microcycl e da t a bu s 66 via tri-state 
buffer 273 on the clock signal ZIP. ZI P is a functio n (as 
is MENB1) of the CPU control signals MREQ, RD and 
some address bits (so that it can be determined that 
RAM is being accessed) and is generated by the logic 
elements indicated generally at 589 and 591 which in¬ 
clude a latch 593 (FIG. 13 with each bit of the latch 
logically similar to that shown in FIG. 15) for the ad¬ 
dress bits. 

Briefly summarizing the operation of the function 
generator of the data chip, the CPU can update the pixel 
data stored in the display RAM by transferring pixel 
data from the ROMs to the display RAM at addresses 
sent to the display RAM via the address chip. However, 
numerous modifications to this pixel data can be per- 
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formed by the function generator before the pixel data 
is stored in the display RAM. Thus, depending upon the 
data sent to the function generator registor 274, the 
pixel data may be expanded, shifted or rotated, flopped, 

5 and exclusive-ORed or ORed with the data already 
stored in the memory location being addressed. 

Referring back briefly to FIG. 2, the display RAM 42 
has stored therewithin, pixel data representative of the 
pixels of a picture displayed on the screen of the TV 28. 
1° Each pixel is represented by two bits of data which 
select a color register which defines the color and inten¬ 
sity of the associated pixel. An additinal function of the 
video processor 52 is to sequentially read the pixel data 
stored in the display RAM 42, decode the pixel data 
into color and intensity data signals, convert these sig¬ 
nals to analog signals, and supply the signals to the RF 
modulator 58 which converts the signals to a form suit¬ 
able for the TV set 28. The address chip 56 sequentially 
reads the pixel data from the display RAM 42 synchro- 
20 nously with the raster scan of the TV 28 which will be 
more fully described later. 

Each byte of pixel data read is conducted on the 
memory data bus 490 (FIG. 11C) to the tri-state buffer 
488. The 8 -bit output line 486 of the buffer 488 is con¬ 
nected to an 8 -bit line 590 which divides into two 4-bit 
lines 592a and 5926. The line 592a is connected to a 4-bit 
shift register 594 with the line 5926 connected to a 4-bit 
shift register 595. The shift register 594 stores the low 
3Q pixel data bits PDB0, PDB2, PDB4 and PDB 6 and shift 
register 595 stores the high pixel data bits PDB1, PDB3, 
PDB5 and PDB7, of the 4 pixels represented by a byte 
of pixel data read from the display RAM. The output of 
the shift registers 594 and 595 are connected by lines 
596a and 5966, respectively, to the inputs of a multi¬ 
plexer 598. 

The multiplexer 598 has inputs “SERIAL 1“ and 
“SERIAL 0” and two inputs from a background color 
register 600. The multiplexer 598 has 2 select inputs 602 
40 and 604 to output 2 pixel data bits from either the shift 
registers 594 and 595 or the SERIAL 0 and SERIAL 1 
inputs, or the background color register 600. The multi¬ 
plexer 598 will operate to select pixel data bits from the 
background color register 600 when the pixels to be 
45 displayed on the display screen are located in the back¬ 
ground area indicated at 608 (FIG. 5) of the display 
screen. The multiplexer 598 will select the pixel data 
bits from the shift register 594 and 595 (low resolution 
mode) when the pixels being displayed are located in 
50 the area indicated at 610 of the display screen (FIG. 5). 
Pixel data bits SERIAL 1 and SERIAL 0 will be se¬ 
lected for the area 610 when the video processor is 
operated in the high resolution mode. 

The inter-connection of the shift registers 594 and 595 
55 within the data chip is shown in FIG. 13. Each bit of the 
shift registers 594a-d and 595 a-d has an input P con¬ 
nected to the tri-state buffer 488 by a buffer indicated at 
611. (The buffers 611 are logically similar to that shown 
in FIG. 18). Also each bit has clock inputs C and C, a 
60 load input L, and an input D from the previous register 
bit (except bits 594a and 595a which have their D input 
grounded) and an output Q to the succeeding register 
bit. The shift register 594 latches up the low pixel data 
bits of the 4 pixels represented by a byte of pixel data 
65 read from the display RAM and the shift register 5946 
latches up the high pixel data bits. Thus, register bits 
594a-of latch up pixel data bits PDB0, PDB2, PDB4 and 
PDB 6 
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The output of the register bit 594 d is connected by 
the line 596a to the multiplexer 598. The data stored in 
the shirt register 594 is shifted one bit position upon the 
activation of the clock signals such that pixel data bit 
PDB0 is shifted to the register bit 5946, pixel data bit 
PDB2 is shifted to the register bit 594c pixel data bit 
PDB4 is shifted to the register bit 594 d and PDB6 is 
shifted to the multiplexer 598. The high pixel data bits 
are loaded and shifted in the shift register 595 at the 
same time as the low pixel data bits in a similar manner. 
(A typical shift register bit is shown in greater detail in 
FIG. 30). _ 

The clock signals for the clo ck inputs C and C of the 
shift registers are PXCLK and PXCLK which are the 
outputs of the buffer shown at 621 in FIG. 13. The input 
signal of the buffer 621 is a clock signal PX which is 
generated by the clock generator in FIG. 11D. PX 
occurs synchronously with the display of the pixels on 
the display screen. The generation of the clock signal 
PX will be described more fully later. 

The load signal for loading pixel data into the shift 
registers 594 and 595 occurs once every four PX pulses 
since a byte of data from the display RAM represents 
four pixels. The generation of the load signal will also 
be more fully described later. 

The multiplexer 598 is shown in FIG. 13 to have the 
input lines 596a and b from the shift registers 594 and 
595, the input lines 608 and 610 for the SERIAL 0 and 
SERIAL 1 pixel data bits and the input lines 612 and 
614 from the background color register 600 selectively 
coupled by pull-down transistors 616 to transistor 
switches 618. The output of the transistor switches 618 
are selectively coupled to the output lines 620 and 622 
by the two buffers 385. (A typical buffer 385 is shown in 
FIG, 22.) The output lines 620 and 622 carry the pixel 
data bits “Z” and “Y”, respectively, which (together 
with the left/right bit) select a color register. The gates 
of the transistor switches 618 are selectively coupled to 
the outputs of a plurality of logic gates 623. The inputs 
of the logic elements 623 are selectively coupled to the 
input line 604 so that when the logic state of the line 604 
is a logical 0, the pixel data bits from the background 
color register are conducted to the output lines 620 and 
622. The logic elements 623 are also selectively coupled 
to the input line 602 from the low/high resolution mode 
flip-flop 606 (FIG. 13) such that when the logic state of 
the line 602 is a logical 0 (and the logic state of the input 
line 604 is a logical 1) the pixel data bits on the input 
lines 59 6a and b from the shift registers are conducted to 
the output lines 620 and 622. Otherwise, the pixel data 
bits SERIAL 0 and SERIAL 1 are conducted to the 
output lines 620 and 622 when the logic state of the 
input line 602 is a logical 1. 

Referring back to FIG. 11C, the background color 
register 600 is a 2 bit register having inputs connected to 
the data bus 66a by a 2-bit line 624. The 2 bits stored 
therewithin (together with the left/right bit) identify 
one of the 8 color registers which determines the color 
and intensity of the background area indicated as area 
608 in FIG. 5. The background color register 600 has 
the address 9H which activates the register select line 
220 by which these 2 bits may be changed. (The cir¬ 
cuitry of the storage unit for each bit of the background 
color registers is logically similar to that shown for the 
latch in FIG. 15). 

In order to determine when the multiplexer 604 
should select the pixel data bits from the background 
color registers 600, the data chip further comprises a 
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vertical position counter 626 and a horizontal position 
counter 628 shown in FIG. 1IB. The vertical position 
counter 626 counts the number of lines of pixels as they 
are displayed in a raster scan. A “HORIZONTAL 
DRIVE” signal occurs with each line of pixels dis¬ 
played. A “VERTICAL DRIVE” signal occurs once 
every field. Both the HORIZONTAL DRIVE and 
VERTICAL DRIVE signals are generated in another 
portion of the data chip circuitry to be discussed later. 
The vertical position counter 626 has inputs for the 
HORIZONTAL DRIVE and VERTICAL DRIVE 
signals and counts each HORIZONTAL DRIVE sig¬ 
nal (corresponding to a line of pixels displayed) and 
resets with each VERTICAL DRIVE signal. There is 
further provided a vertical “blank” register 630 having 
an 8-bit input line 632 connected to the data bus 66a. 
The vertical blank register 630 has address AH and 
contains the line number at which the background color 
(indicated by the background color register 600) will be 
displayed to the bottom of the screen. Through input¬ 
ting this vertical line number to the vertical blank regis¬ 
ter 630, the bottom border line 634 (FIG. 5) may be set. 

The vertical position counter 626 continues counting 
even after the raster scan has reset to the top of the 
screen. Hence the pixels at the top of the screen will 
continue to be defined by the background register. 
When the counter 626 reaches 162, it will reset which 
causes the next line of pixels to be defined by the display 
RAM and defines the top border of the background 
area. 

The vertical blank register 630 further allows display 
RAM that would normally be utilized to store pixel 
data for the area 610 to be used for scratch pad memory. 
Thus, if the vertical blank register is set to 0, the entire 
display RAM can be used for scratch pad. In the low 
resolution embodiment, the register should be set to 101 
or less in bits 1-7; in the high resolution system it should 
be set to 203 or less in bits 0-7. 

The line number contained within the vertical blank 
register 630 is compared to the current line number 
indicated by the vertical position counter 626 by a “les- 
s-than-compare” 634 having inputs connected by lines 
636 to the output and complemented output of each bit 
of the vertical blank register 630 and also has inputs 
connected to the output and complement of the output 
of each bit of the vertical position counter 626 by the 
lines 638. The output of the less-than-compare 634 goes 
to a logical 0 when the vertical position counter 626 
reaches the number contained within the vertical blank 
register 630. The output of the less-than-compare is 
connected by a line 640 to a decoder 642. The decoder 
642 further has inputs selectively coupled by a line 644 
to the output and complemented output of the bits of 
the horizontal position counter 628. 

The horizontal position counter 628 counts the pixel 
positions of a line as the pixels are being displayed. The 
horizontal position counter 628 has an input for the 
clock signal 4> which changes synchronously with the 
scanning of the pixel positions of the raster scan. The 
horizontal position counter 628 has an additional input 
for the HORIZONTAL DRIVE signal and resets uti¬ 
lizing the HORIZONTAL DRIVE signal. The de¬ 
coder 642 has set and reset lines 646 connected to the 
inputs of a flip-flop 648. The flip-flop 648 has an output 
line 604 which is connected to a select input of the 
multiplexer 598 (FIG. 11C). 

The decoder 642 decodes the output from the hori¬ 
zontal position counter 628 such that the flip-flop 648 is 
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set when the horizontal position counter reaches a first 
number which defines the left margin of the back¬ 
ground area. The output of the flip-flop 648 when set, 
causes the multiplexer 598 to switch from background 
color register 600 to either the shift register 594 and 595 
or the SERIAL 0 to SERIAL 1 inputs. When the hori¬ 
zontal position counter 628 reaches a preset second 
number (corresponding to a second position in each line 
of pixels on the display screen and defining the right 
margin) the decoder 642 resets the flip-flop 648 causing 
the multiplexer 598 to switch back to the background 
color register 600 such that the pixels being displayed 
on the screen are then defined by the background color 
register 600. 

In this manner, the pixel data defining the pixels of 
each horizontal line may be drawn from first the back¬ 
ground color register then from the shift registers 
which shift data from the display RAM and then back 
to the background color register as shown in FIG. 5. 
When the vertical position counter 626 reaches the line 
number stored in the vertical blank register 636, the 
less-than-compare 634 inhibits the decoder 642 from 
setting the flip-flop 648 for the remaining lines of the 
frame. Since the flip-flop 648 is not reset, the multi¬ 
plexer 598 (FIG. 11C) will not switch from the back¬ 
ground color register so that the remaining pixels to be 
displayed will be defined by the pixel data bits stored 
within the background color register 600. Since the 
vertical position counter does not reset until after the 
top background area has been scanned, these pixels will 
also be defined by the background register. 

FIG. 13 details the interconnection of the vertical 
position counter 626 within the data chip and shows the 
counter 626 to comprise a 9 bit counter. (The logic 
circuitry of the least significant bit 626a is shown in 
FIG. 24). Logic circuitry typical of the bits 626b~h is 
similar to that shown in FIG. 24 with the addition of the 
elements shown in phantom. Logic circuitry typical of 
the 626/ is similar to that for bits 626 b-h excluding the 
NOR gate 650. 

The vertical blank register 630 is shown in FIG. 13 to 
comprise an 8 -bit register (with the logic circuitry of 
each bit similar to that shown in FIG. 15.) The logic 
circuitry of the iess-than-compare 634 is indicated gen¬ 
erally at 634 and comprises a plurality of NOR gates 652 
and a PLA comprising pull-down transistors 654 and 
pull-up transistors 656 selectively coupled to the verti¬ 
cal blank register 630, vertical position counter 626, and 
output line 640 connected to the decoder indicated 
generally as 642. 

The horizontal position counter indicated generally 
at 628 comprises an 8 -bit latch 658 a-h and a plurality of 
pull-down transistors 660 and a plurality of pull-up 
transistors 662. (The logic circuitry of the least signifi¬ 
cant bit 658a of the binary counter 628 is shown in 
greater detail in FIG. 31 with the logic circuitry of bit 
658 b, typical of bits 658 b-h, shown in greater detail in 
FIG. 32.) The horizontal position counter 628 is con¬ 
nected by 10 output lines indicated generally at 644 to 
the decoder 642 which comprises a plurality of pull¬ 
down transistors 664 and pull-up transistors 666 . The 
decoder 642 has additional inputs “PX” and <t>2 clock 
signals. The set and reset output lines 646 are connected 
to the inputs of the flip-flop indicated generally at 648. 
Flip-flop 648 has an output line 604 which is connected 
to a select input of the multiplexer 598 (FIG. 11C). 

The (J output of the least significant bit 658a of the 
horizontal position counter 628 is connected to the 
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output of a NOR gate 667 whose output is the load 
signal for the shift registers 594 and 595. The other input 
of the NOR gate 667 is connected to the clock signal 
<P2. Since the counter 28 is clocked by the clock signals 
<t>l and <t>2 which have half the frequency of PX, the 
output of bit 658a has one fourth the frequency of PX. 
Therefore, a load signal will occur for every four PX 
pulses, or for every four pixels displayed. 

The output of 6 bits of the horizontal position counter 
628 is shown in FIG. 11B to be connected by line 668 to 
the inputs of a “compare” circuit 670. The other inputs 
of the compare 670 are connected to the output of a 6 bit 
horizontal color boundary register 672 by the line 674. 
The horizontal color boundary register 672 has inputs 
connected to the data bus 66 a by the line 676, The out¬ 
put of the compare 670 is connected to a flip-flop 678 by 
a line 680 with the flip-flop 678 having an output 682 
which carries the “left/right” bit. 

The horizontal color boundary register 672 defines 
the horizontal position of the imaginery vertical line 64 
on the screen 32 of FIG. 5. As noted before, for pixel 
positions associated with a byte of pixel data to the left 
of the boundary, the left/right bit of the four pixels 
associated with that byte is set to one. The left/right bit 
is set to zero for pixels to the right of the boundary line 
64. Color registers 0-3 are selected by a left/right bit 
equal to 0 and registers 4-7 are selected for the pixels to 
the left of the boundary. 

The address sent to the horizontal color boundary 
register 672 is compared with the current address of the 
byte of pixel data being displayed as indicated by the 
horizontal position counter 628. If the state of the 
counter 628 is less than the address contained within the 
register 672, the pixel locations to be displayed are to 
the left of the horizontal boundary line and the flip-flop 
678 is set such that the left/right bit is a logical 1 , other¬ 
wise the pixel locations are to the right and the left/- 
right bit is reset to 0 . 

The inter-connection of the horizontal color bound¬ 
ary register 672 is shown in FIG. 13 wherein the regis¬ 
ter comprises a 6 -bit register having the address 9H (the 
same as the background color register). (A bit of the 
horizontal color boundary register is logically similar to 
that shown for the latch in FIG. 15.) 

The “compare” circuit connected to the horizontal 
color boundary register 672 and horizontal position 
counters 628 is indicated generally at 670 and comprises 
6 exclusive-OR units 684a-/(with the logic circuitry of 
a typical exclusive-OR unit 684a shown in greater detail 
in FIG. 33.) The output of each exclusive-OR unit is 
coupled to an output line 686 by a plurality of pull¬ 
down transistors indicated generally at 688 . The line 
686 is coupled to the voltage source VDD by a pull-up 
transistor 690 and to the left/right output line 682 by an 
inverter 692. 

As previously discussed, two pixel bits are used to 
represent each pixel on the screen. These bits, referred 
to as Y and Z, may be read from the display RAM or 
from the background color register. These two bits, 
along with the left/right bit which is set by crossing the 
horizontal color boundary, map each pixel to one of the 
8 different color registers. The value in the color regis¬ 
ter then defines the color and intensity of the pixel on 
the screen associated with the pixel data bits. The inten¬ 
sity of the pixels is defined by the 3 least significant bits 
of each color register, 000 for darkest and 111 for light* 
est. The colors are defined by the 5 most significant bits. 
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The color registers have addresses 0-7H; register 0 hav¬ 
ing address OH, register 1 having address 1H, etc. 

Referring back to FIG. 11B, a serial data decoder 694 
decodes the bits Y and Z, and the left/right bit to deter¬ 
mine to which of the color registers 224 the bits point. 5 
The serial data decoder 694 comprises a gate indicated 
generally at 696 in FIG. 13 and has the Z input line 620, 
the Y input line 622 and the left/right input 682 with the 
clock signal inputs 7M and 7M. The serial data decoder 
694 further comprises a PLA 698 having pull-down 1 C 
transistors 700 and pull-up transistors 702. The PLA 698 
and 8 output lines indicated generally at 704 with one 
each connected to one of the color registers 224. A 
particular logic state of the pixel data bits Y, Z, and 
left/right activates a particular output line 704 which 15 
enables the corresponding color register to output its 
contents. In this manner, these pixel data bits point to a 
unique color register. 

When a color register is selected or identified, the 
contents of the color register is outputted to a latch 706 20 
shown in FIG. 11B which has five output lines 708 
connected to a color decoder 710 for the five color bits 
and 3 outputs connected to serially connected latches 
712 and 714 by the line 716, for the 3 intensity bits. The 
output of the latch 714 is connected to an intensity 25 
decoder 718. 

The intensity decoder 718 has further inputs for the 
“SYNC” and “BLANK” NTSC standard signals. 
These signals, together with the 3 intensity bits from the 
selected color register, determine the analog values of 30 
the signal “VIDEO” at output line 720 together with a 
reference voltage of 2.5 volts at line 722. 

The color decoder 710 further has inputs for the 
NTSC standard signals “BURST” and “BLANK” 
which, together with the 5 color bits from the selected 35 
color register, determine the analog values of the “R-Y” 
signal on line 724 and the “B-Y” signal on line 726. 

The 8 color registers, shown in greater detail and 
indicated at 224a~h, each comprise an 8 bit register 
having register select lines 21 6a-h, respectively, and 40 
output enable lines 704 a-h, respectively. Each color 
register is connected to the 8 -bit data bus 66 a so that any 
particular register may be addressed when its corre¬ 
sponding register select line is enabled in order to load 
the register with the color and intensity data. (A regis- 45 
ter bit 24060, typical of the other register bits of the 
color registers 224 is shown in greater detail in FIG. 

34.) 

The Q output of each bit of the color registers is 
connected to the 8 bit latch indicated generally at 706. 50 
The latch 706 has five outputs connected by a buffer 728 
to the color decoder indicated generally at 710. (The 
unit 728a typical of the five units of the buffer 728 is 
shown in greater detail in FIG. 35.) 

The color decoder 710 converts the 5 digital bits from 55 
a color register into the analog color video signals R-Y 
and B-Y. The color decoder 710 comprises a PLA 730 
(for the R-Y signal) and a PLA 740 (for the B-Y video 
signal) the outputs of which are coupled to the gates of 
a plurality of transistor switches 742 and 744, respec- 60 
tively. The inputs of the switches 742 and 744 are selec¬ 
tively coupled to a plurality of series-connected resis¬ 
tors 746. The output of the switches 742 are connected 
to the output line 724 for the R-Y color video signal and 
the switches 744 are connected to the output line 726 for 65 
the B-Y color video signal. 

The 3 outputs of the latch 706 for the 3 intensity bits 
from the color registers 224 are connected to the latch 
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indicated at 712 whose outputs are connected to the 
latch 714. The output of the latch 714 is connected to 
the intensity decoder indicated generally at 718. The 
additional latches 712 and 714 provide a timing delay. 
The intensity decoder 718 decodes the 3 intensity bits 
from a color register and converts them into the analog 
intensity signal “VIDEO”. The intensity decoder 718 
comprises a PLA indicated generally at 748 whose 
output is coupled to the gates of the plurality of transis- 
> tor switches 750. The input of the transistor switches 
750 are selectively coupled to the series-connected re¬ 
sistors 752 with the output of these switches 750 con¬ 
nected to the VIDEO signal line 720. The intensity 
decoder 718 further supplies a 2.5 reference voltage on 
the line 722 from the series-connected resistors 752. 

A clockjgenerator 754 shown in FIG. 11D uses the 
7M and 7M clock signals (7.159090 MHz square waves) 
to generate <I>G and PX. These are the clock signals for 
the system. The frequency of PX is half that of 7M and 
the frequency of <£G is half that of PX. 

The clock generator 754, shown in greater detail in 
FIG. 13, comprises a divide-by -2 counter indicated 
generally at 756 having inputs 7M and 7M. The divide- 
by-2 counter 756 has an output line 758 which carries 
the clock signal PX. The clock generator 754 further 
comprises a second divide-by -2 counter indicated gen¬ 
erally at 760 which has inputs 7M and 7M and the input 
PX from the divide-by-2 counter 756. The output of the 
divide-by-2 counter 760, line 762, is connected to a 
buffer indicated generally at 764 which has the output 
line 766 which carries the clock signal <t>G. The output 
line 762 is also connected to an inverter and buffer 
indicated generally at 768 which has the output line 770 
for the clock signal Ol which is the same as <t>G and the 
output 772 for the clock signal 4>2 which is the inverse 
of clock signal <I>G. 

The clock generator 754 has an input 774 connected 
to the output of a third signal generator indicated gener¬ 
ally at 776 which has inputs 7M, 7M and the HORI¬ 
ZONTAL DRIVE signal on the input line 778. The 
generator 776 generates a clear signal as a function of 
the HORIZONTAL DRIVE, 7M and 7M clock signals 
which clears the clock generator 764. 

The relationship between 7M, HORIZONTAL 
DRIVE, <I>G and FX is illustrated in FIG. 41. The 
frequency of PX is half that of 7M and the <I>G clock 
signal is 4 of 7M. There are 455 cycles of 7M per hori¬ 
zontal line of pixels displayed and 113 and £ of <I>G 
cycles per horizontal line. Because of the extra 4 cycle, 
3>G must be resynchronized at the beginning of each 
line. This is done by the clear signal generator 776 
which “stalls” OG for 3 cycles of 7M and is initiated by 
clock signal HORIZONTAL DRIVE. PX is also 
stalled for the same amount of time. 

FIG. HE shows a television sync gen erator 780 
which also uses the clock signal 7M and 7M to generate 
NTSC, SYNC, BURST and BLANK signals to be sent 
to the intensity decoder 718 and color decoder 710 
(FIG. 11B). Also generated are the HORIZONTAL 
and VERTICAL DRIVE signals. The TV sync gener¬ 
ator co mpri ses a <I>A and 3>B generator 782 having the 
7M and 7M clock inputs. The generator 782 has output 
lines 784 and 786 for the <J>A and <J>B clock signals, 
respectively, connected to a horizontal counter 788. 
The counter 788 has output lines 790 connected to input 
of a vertical counter 792 and outputs 794 connected to 
the inputs of a decoder 796. The horizontal counter 788 
counts the <I>A and <I>B clock pulses and the decoder 794 
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decodes the output of the counter 788 to provide a 
HORIZONTAL BLANK signal on a line 800, a 
BURST signal on a line 802 and a HORIZONTAL 
DRIVE signal on a line 804. A decoder 806 is con¬ 
nected to the output of the vertical counter 792 and 
provides a VERTICAL BLANK signal on a line 808, 
two signals related to a VERTICAL SYNC signal on 
lines 810 and 811 connected to inputs of the decoder 796 
and a VERTICAL DRIVE signal on a line 812. 

An OR gate 818 has inputs connected to the HORI¬ 
ZONTAL BLANK signal line 800 and to the VERTI¬ 
CAL BLANK signal line 808 and has an output line 820 
for the BLANK signal. The decoder 786 decodes the 
input lines 810 and 811 as well as the count of the 
counter 788 to produce the SYNC signal on line 798. 

The SYNC, BLANK and BURST signals are NTSC 
standard timing signals and are utilized to generate the 
R-Y, B-Y and VIDEO signals. The HORIZONTAL 
DRIVE and VERTICAL DRIVE signals are used to 
synchronize the data chip with the address chip as well 
as to provide clock signals for the vertical position 
counter 626 and horizontal position counter 628 (FIG. 
11B). The HORIZONTAL DRIVE signal occurs once 
every horizontal raster scan line ( 63.5 microseconds), 
and VERTICAL DRIVE occurs once every field ( 16.6 
milliseconds). 

The <t>A and 4>B generator 782 is shown in FIG. 13 to 
comprise a counter 822 which is connected to an output 
buffer (indicated generally at 824) having output line 
826 for the 4>A clock signal and output line 828 for the 
<t>B output signal, which are 2.045 MHz. (The counter 
822 is shown in FIG. 36 to comprise a “divide by 3£” 
counter having the input clock signal 7M and 7M.) 

The counter 788 has 8 bits, and a pro¬ 

grammed logic array, or PLA indicated generally at 
830. (The logic circuitry of the counter bits 788a-g are 
logically similar to those shown in FIGS. 31 and 32 for 
the horizontal position counter 628 with the logic cir¬ 
cuitry of the bit 7886 shown in greater detail in FIG. 
37.) The horizontal counter 788 is a divide-by-130 
counter and has a frequency of 63.5 microseconds. The 
Q and Q outputs of the bits 628 a-h of the counter 788 
are connected to the decoder indicated generally at 786 
which comprises a programmed logic array 832, The 
output of the PLA 832 is selectively coupled to 3 flip- 
flops 834-836 either directly or by logic elements 838. 
(The flip-flop 834 is typical of the flip-flop 834-836 and 
is shown in greater detail in FIG, 38.) 

The flip-flop 836 has an output line 800 which carries 
the HORIZONTAL BLANK signal and is connected 
to the OR gate 818 which comprises a NOR gate 840 
and an inverter 842. An output line 802 of the flip-flop 
835 (via a buffer 385) carries the BURST signal with the 
output line 798 of the flip-flop 834 (via a buffer 385 
carrying the SYNC signal.) An output line 804 of the 
delay elements 839 from the decoder PLA 786 carries 
the HORIZONTAL DRIVE signal. 

The Q output of the bit 7886 of the counter 788 is 
connected to the input 2 of a flip-flop 850 (shown in 
greater detail in FIG. 39.) The outputs C and C of the 
flip-flop 850 have a frequency of half that of the hori¬ 
zontal counter 788 and are connected to the clock in¬ 
puts of the counter 792 having bits 192a-j . The counter 
792 is a divide-by-512 counter and has a period of 1/30 
of a second. (The counter bits 192b~j are logically simi¬ 
lar to those shown in FIG. 24 with the bit 192a also 
logically similar but excluding those elements shown in 
phantom.) The Q and Q outputs of the bits of the 
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counter 792 are selectively coupled to a programmed 
logic array indicated generally at 852 of the decoder 
806. An output line 853 of the PLA 852 is connected to 
a flip-flop 856 (shown in greater detail in FIG. 38) hav¬ 
ing an output line 857. The output line 857 carries the 
VERTICAL BLANK signal and is connected to an 
input of the NOR gate 840. An output line 854 is con¬ 
nected to a shift register bit 858 (shown in greater detail 
in FIG. 23). The output of the shift register 858 is con¬ 
nected to a plurality of logic elements 859 having addi¬ 
tional clock signal inputs <Pt and 4>2 and an output line 
860 which carries the VERTICAL DRIVE signal. The 
line 860 is connected by a buffer 862 to the VERTICAL 
DRIVE pad 864. 

FIG. 42 illustrates the relationship between SYNC, 
VERTICAL BLANK and VERTICAL DRIVE sig¬ 
nals. Each division represents 1 horizontal scan of the 
raster scan. 

FIG. 43 illustrates the relationship between the sig¬ 
nals HORIZONTAL DRIVE, HORIZONTAL 
BLANK, SYNC and color BURST with each horizon¬ 
tal division equal to 3^ cycles of the clock 7M. The 
pattern repeats every 455 cycles of 7M. The shaded area 
voltages are determined by the pixel data bits from the 
display RAM. The color BURST signal time occurs 
when B-Y is at 1.7 v and the SYNC signal time occurs 
when VIDEO is at 0 v. The relationship between the 
HORIZONTAL DRIVE and VERTICAL DRIVE 
signals is illustrated in FIG. 41. 

In memory write cycles, in whi ch data is written to 
the display RAM, a control signal WRCTL (generated 
by the address chip) is activated and a memory control 
circuit 882 (FIG. 11F) of the data chip generates the 
DATEN control signal. The function generator (FIG. 
11C) takes the data from the CPU from the microcycle 
data bus 66 and transfer s it to the memory data bus in 
conjunction with the DATEN control signal. Of 
course, if the data is to be modified, the function genera¬ 
tor will modify the data as required as it places the data 
on the memory data bus. The memory control circuit 
882 has an additional input for another address chip 
generated control signal LTCHDO and an output line 
884 at which the memory control circuit 882 outputs a 
second control signal which is a function of the 
LTCHDO control signa l. The rela tionship between the 
data chip control signal DATEN and the address chip 
control signal WRCTL is shown for two memory write 
operations in FIGS. 12A and D. 

The memory control circuit is shown in greater detail 
in FIG. 13 and is indicated generally at 882. The mem- 
ory con trol circuit has an input line 886 for the 
WRCTL control signal which is connected by a plural¬ 
ity of logic elements 888 to a fli p-flop 89 0 having an 
output line 892 which carries the DATEN control sig¬ 
nal. The logic elements 888 include the transistor switch 
889 which has a clock signal line 891 connected to the 
gate of the switch 889. The clock signal on the line 891 
is a function of the clock signals <I>1, PX and P X. The 
output line 892 (which carries th e DATEN control 
signal is connected to a DATEN pad 896 by a buffer 
385 and a buffer 894. The buff er 385 also has an output 
line 898 which also carries the DATEN control signal. 

The memory control signal 882 further has an input 
line 900 for the LTCHDO control signal from the ad¬ 
dress chip. Line 900 is connected by a resistor and an 
inverter 902 to a NOR gate 904 having an additional 
input connected to the control signal line 891 and an 
input connected to the control signal <I>2. The output of 
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the NOR gate 904 is connected by a buffer 385 to an 
output line 884. The LTCHDO control signal from the 
address chip indicates to the data chip when valid data 
from the display RAM is present on the memory data 
bus. The OR/exclusive-OR circuit 480 (FIG. 13) uti- 5 
lizes the control signal on the output 884 which is a 
function of the control signal LTCHDO to latch-up 
data from the memory data bus which is utilized in the 
OR and exclusive-OR operations. 

Referring now to FIG. 13, the data chip generates 10 
two further control signals, INPUT on a line 908 and 
OUTPUT on a line 910. These control signals are gen¬ 
erated by the logic elements indica ted gen erally at 912 
which have an input line 914 for the IORQ CPU control 
signal, an input line 916 which carries the CPU control 15 
signal Ml, and an input line 918 which carries the CPU 
control signal RD. The signals INPUT and OUTPUT 
indicate when an input or output operation is requested 
by the CPU and have a duration which is longer than 
that of the CPU control signals to compensate for delay 20 
due to the microcycler. 

ADDRESS CHIP 

The address chip 56 of the video processor 52 is 
shown in FIG. 10 to have inputs MXD0-MXD7 from 25 
the microcycle data bus 66 with memory address out¬ 
puts MA0-MA7 connected to a latch 950 whose output 
is connected to the display RAM address bus 952. The 
address chip relays addresses transmitted by the CPU 
whereby the CPU may selectively read the contents of 30 
the display RAM, sequentially generates addresses for 
reading the display RAM synchronously with the dis¬ 
play of pixels on the screen represented in the display 
RAM and handling and generating interrupts. 

The address chip further has clock inputs § and $ 35 
from t h e buffer 100, C PU con trol signal inputs Ml, RD, 
tORQ, MREQ and RFSH and CPU control signal 
outputs INT and WAIT from and to, respectively, the 
CPU. Outputs carr ying the ad dress chip generated sig¬ 
nals LTCHDO and WRCTL are connected to the cor- 40 
responding inputs of the data chip 54 with inputs con¬ 
nected to the data chip outputs VERT. DR. and HOR. 
DR. The address chip address bit has inputs A12-A14 
conne cted to the CPU address bus 73, input LIGHT 
PEN from the light pen 62 (FIG. 2). Finally, inputs 45 
TEST, VDD, VGG and VSS are connected to -j-5 v, 

+ 5 v, -f 10 v, and ground with the row address strobe 
signal RASO connected to an input of the logic ele¬ 
ments indicat ed g enerally at 954 which generate the 
write enable (WE), column address strobe (CAS), chip 50 
select (C3) and row address strobe (RAS) signals. 

The address chip 56 of the video processor 52 is 
shown in a block diagram in FIG. 44. The address chip 
56 has a microcycle decoder 1000 which selects 12 bits 
of address from the data from 8-bit data bus 666 con- 55 
nected to the microcycle data bus 66 by a buffer 1001. 

The microcycle decoder 1000 is similar to the microcy¬ 
cle decoder 212 of the data chip and need not be dis¬ 
cussed in detail. 

A detailed circuit implementing the block diagram of 60 
the address chip is shown in FIGS. 45A-J with a com¬ 
posite diagram of FIGS. 45A-J shown in FIG. 46. The 
interconnection of the microcycle decoder 1000 within 
the address chip is shown in FIG. 45 (with an address 
bit unit A0 typical of the units A0-A7, shown in greater 65 
detail in FIG. 47 and address bit unit A8, typical of 
address units A8-A12 shown in greater detail in FIG. 

48). The address bit units A0-A7 of the microcycle 
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decoder 1000 have an input line 1002 which carries the 
control signal LDL1 by which the low address bits 
A0-A7 are loaded. Similarly, the address bit units 
A8-A13 of the microcycle decoder 1000 have an input 
line 1004 which carries the control signal LDH1 by 
which the high address bits A8-A13 are loaded. The 
address bits are carried on the address chip data bus 666 
which is connected to the microcycle data bus 66 by the 
tri-state buffer 1001 comprising units 1001 a-h (with 
buffer unit lOOlu, typical of the buffer units, shown in 
greater detail in FIG. 49). The control signals LDL1 
and LDH1 are generated by the logic element indicated 
generally at 1006 in a manner similar to that for the 
LDL1 and LDH1 control signals generated by the 
microcycle generator 106 of the data chip shown in 
FIG. HA. 

Referring back to FIG. 44, the outputs of the addess 
bit units A0-A7 of the microcycle decoder 1000 are 
connected to an address decoder 1008 also logically 
similar to the address decoder 214, (FIG. 11B) of the 
data chip. Thus the address decoder 1008 decodes the 
addresses transmitted by the CPU to activate an associ¬ 
ated select line 1010-1018. As indicated in Table II, the 
address decoder 1008 will decode the address FH 
(when the INPUT control signal is present) which is 
operably connected to the horizontal feedback input 
register. As another example, address decoder 1008 will 
activate the line 1013 which is operably connected to 
the interrupt enable and mode registers when the ad¬ 
dress EH and the control signal OUTPUT are present. 

The address decoder 1008 is shown in FIG. 45 to 
comprise a programmed logic array having input lines 
connected to the complemented and uncomplemented 
outputs of the address bit units A0-A7 of the microcy¬ 
cle decoder 1000, and input line 1020 for the OUTPUT 
control signal and an input line 1022 for the control 
signal INPUT. The select lines 1010-1017 of the address 
decoder 1008 for the horizontal feedback register, a 
vertical feedback register, an interrupt line register, the 
interrupt enable and mode register, an interrupt feed¬ 
back register, a function generator register, a vertical 
blank register, a low/high resolution mode register, and 
an output line 1018 to the memory cycle generator, 
respectively, are also indicated. 

The address bits A0-A7 from the microcycle decoder 
1000, together with the address bits A8-A13 are con¬ 
ducted to a multiplexer 1024 which has 12 outputs as 
shown in FIG. 44. A scan address generator 1026 gener¬ 
ates a 12-bit address which is used to read pixel data 
from the display RAM. The scan address is generated 
synchronously with the raster scan of the display and 
incrementally increases from OH to FFFH once every 
field (1/60 seconds). 

The multiplexer 1024 sends either the scan address or 
the address from the CPU (via microcycle decoder 
1000) to its 12 outputs. The outputs of the multiplexer 
1024 are connected to a second multiplexer 1026 which 
multiplexes its 12 inputs to 6 address bits, MA0-MA5, in 
two “time slices” required for the 4KX 1 16 pin RAMs 
which comprise the display RAM. 

When the multiplexer 1024 sends the address bits 
from the CPU to its 12 outputs, the 12 address bits 
A0-All of the 14 input address bits A0-A13 from the 
microcycle decoder 1000 are selected in the low-resolu¬ 
tion mode. In the high resolution mode, the 12 address 
bits A2-A13 are selected. The mode of operation, 
whether low or high resolution, is set by the logic state¬ 
ment of a low/high resolution mode flip-flop or register 
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1030 shown in FIG. 45. The flip-flop 1030 has the same 
address as the low/high flip-flop 606 of the data chip. 
(The logic circuitry of the flip-flop 1030 is shown in 
greater detail in FIG. 50.) The flip-flop 1030 has an 
output line 1032 shown in FIG. 44 to be connected to a 
select input of the multiplexer 1024 so that the proper 
address bits from the CPU (via the microcycle decoder 
1000) are selected when the address from the CPU is to 
be transmitted to the outputs of the multiplexer 1024. 

The scan address generator 1026 which generates the 
12-bit address used to read pixel data from the display 
RAM resets with every other 40 address counts in the 
low resolution mode (as there are 40 bytes per horizon¬ 
tal display line) so that the scan address generator 1026 
counts from 0 to 39 twice and then counts from 40 to 79 
twice, etc. This results in each pixel of a field being 
scanned twice. In other words, each two-bit pixel data 
is utilized twice in two consecutive horizontal scans. 
Since a frame consists of two interleaved fields, any 
particular pixel extends four horizontal scan lines in the 
vertical direction. 

The scan address generator 1026 has inputs for the 
HORIZONTAL DRIVE and VERTICAL DRIVE 
signals generated by the data chip to synchronize the 
scan address generator with the data chip and the TV 
raster scan. 

The scan address generator is indicated generally at 
1026 in FIG. 45 and comprises a counter 1034 having 
12-bits 1034a-/ and flip-flops 1036-1038. (The counter 
bits 1034a and 10346 are shown in greater detail in 
FIGS. 51 and 52 respectively.) Bit 1034c, typical of bits 
1034c-/ is also shown in greater detail in FIG. 53. As 
seen in FIG. 53, each of the bits 1034c-/ comprise a 
latch 1039 which is activated synchronously with the 
HORIZONTAL DRIVE pulse so that the count is 
latched up with each HORIZONTAL DRIVE pulse 
which occurs after each 40 counts. 

A line 1040 (FIG. 45) carrying the VERTICAL 
DRIVE signal from the data chip is connected by the 
logic elements indicated generally at 1042 to an input of 
the flip-flop 1038. The output of the flip-flop 1038 is 
connected to the reset input R of the counter units 
1034a-/. Thus, the VERTICAL DRIVE signal oper¬ 
ates to reset the counter 1034 to 0 after each field has 
been scanned. 

A line 1044 carrying the HORIZONTAL DRIVE 
signal from the data chip is connected by the logic 
elements indicated generally at 1046 to the input of the 
flip-flop 1037 whose output is connected to the D input 
of the flip-flop 1036 (which is shown in greater detail in 
FIG. 54.) The Q and Q outputs of the flip-flop 1036 are 
connected to the 10 and 9 inputs, respectively, of the 
counter bits 1034 d-l 

The other output of the flip-flop 1037 is connected to 
the input of a NOR gate 1048 having another input 
connected to the output line 1032 of the low/high reso¬ 
lution flip-flop 1030 and still another input connected to 
the output of the least significant bit of a line counter to 
be described later. The output of the NOR gate 1048 is 
connected to the 1 input of the counter bits 1034a-/ and 
to the 2 input by an inverter 1050. 

The output of the NOR gate 1048 will go low with 
every other scan line (as determined by the output of 
the LSB 1138a of the line counter 1138) upon a HORZ 
DR (HORIZONTAL DRIVE) pulse when in the low 
resolution mode. This causes the counter to be reset to 
the count that was latched up in the latches 1039. Since 
the count latched up is 40 less than the current count, 
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the counter will count from 0-39 twice, 40-79 twice, 
80-119 twice, etc. Thus a line of pixel data is utilized to 
define 2 consecutive scan lines in each field in the low 
resolution mode. 

The scan address generator 1026 has an input line 
1052 which carries a clock signal which is connected by 
a transistor switch 1054 and an inverter 1056 to the 4 
input of the bits 1034a-/ and to the 3 inputs by an in¬ 
verter 1058, of the counter 1034. The generation of the 
clock signal carried by the line 1052 will be described 
later also. 

The multiplexer 1024 and 1028 comprise the NOR 
gates indicated at 1058, each having an input connected 
to the address bit outputs A0-A6 of the microcycle 
decoder 1000, 6 NOR gates 1060, each having an input 
connected to the address bit outputs A2-A7, respec¬ 
tively, 6 NOR gates indicated at 1062, each having an 
input connected to the address bit outputs A6-A11, 
respectively, and 6 NOR gates 1064, each having an 
input connected to the address bits A8-A13, respec¬ 
tively, of the microcycle decoder 1000. 

The output line 1032 of the low/high resolution flip- 
flop 1030 is connected to the input of a NOR gate 1066 
which is connected to the inputs of the NOR gates 1058 
by the serially connected transistor switch 1068 and 
inverter 1070, with the output line 1032 also connected 
to the input of a NOR gate 1072 whose output is con¬ 
nected to the input of the NOR gate 1062 by the serially 
connected transistor switch 1074 and an inverter 1076. 
The output line 1032 is also connected to an inverter 
1078 whose output is connected to the input of a NOR 
gate 1080. The output of the NOR gate 1080 is con¬ 
nected to the inputs of the NOR gates 1060 by a serially 
connected transistor switch 1082 and inverter 1084, 
with the output line 1032 also connected to an inverter 
1086 whose output is connected to the input of a NOR 
gate 1088. The output of the NOR gate 1088 is con¬ 
nected to the inputs of the NOR gates 1064 by a serially 
connected transistor switch 1090 and an inverter 1092. 

When the output of the low/high resolution mode 
flip-flop is a logical 0, (corresponding to the low resolu¬ 
tion mode), the output of the inverter 1078 is a logical 1, 
the output of the NOR gate 1080 is a logical 0, and the 
output of the inverter 1084 is a logical 1 driving the 
outputs of the NOR gate 1060 (corresponding to ad¬ 
dress bits A2-A7) to a logical 0 with the outputs of the 
NOR gate 1064 (corresponding to the address bits 
A8-A13) also being driven to a logical 0. In this man¬ 
ner, the NOR gates 1058 corresponding to the address 
bits A0-A5 and the NOR gates 1062 corresponding to 
the address bits A6-A11 are selected in the low' resolu¬ 
tion mode. On the other hand, when the output of the 
flip-flop 1030 is a logical 1, corresponding to the high 
resolution mode, the NOR gates 1060 and 1064 are 
selected which corresponds to the address bits A2-A13. 

The multiplexers 1024 and 1028 further comprise 6 
NOR gates 1094, each having an input connected to the 
address bit outputs A0-A6 of the counter bits 1034a-/ 
respectively, and the 6 NOR gates 1096, each having an 
input connected to the address bit outputs A6-A11 of 
the counter bits 1034g-/, respectively. 

The multiplexers 1024 and 1026 have a VIDNXT2 
clock signal input line 1098 which is connected to an 
input of the NOR gates 1066 and 1080 and to the NOR 
gate 1072 by a transistor switch 1100 and to the NOR 
gate 1088 by a transistor switch 1102. The gates of the 
transistor switches 1100 and 1102 are connected to the 
clock signal <I>1. The VIDNXT2 clock signal input line 
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1098 is also connected to the inputs of the NOR gates 
1094 by the series-connected transistor switch 1104 and 
inverter 1106. The VIDNXT2 input line 1098 is also 
connected by the series-connected inverter 1108, tran¬ 
sistor switch 1110, inverter 1112, transistor switch 1114, 5 
and inverter 1116 to the inputs of the NOR gate 1096. 

The logic state of the clock signal VIDNXT2 deter¬ 
mines whether the address bits from the CPU (via the 
microcycle decoder 1000) or the address bits generated 
by the scan address generator 1052 are conducted to the 10 
memory address bus indicated at 1118 which carries the 
address bits MA0-MA5, VIDNXT2 occurs 40 times a 
scan line and indicates that the next RAM access cycle 
is a “video” cycle. In a video cycle, the system reads 
pixel data from the display RAM to be displayed on the 15 
screen. The generation of VIDNXT2 will be described 
later. 

The outputs of the NOR gates 1058,1060,1062,1064, 
1094 and 1096 are selectively coupled to the output lines 
1120-1125 by a plurality of transistor switches 1128. 20 
The output lines 1120, 1121 and 1122 are each con¬ 
nected by a series-connected NOR gate 1130 and buffer 
1132 (shown in greater detail in FIG. 55), to the MAO, 
MAI and MA2 bits of the memory address bus 1118. 
The output lines 1123, 1124 and 1125 are each con- 25 
nected by a series-connected NOR gate 1130 and buffer 
1134 (shown in greater detail in FIG. 56) to the MA3, 
MA4 and MAS bits of the memory address bus 1118. 

If the logic state of VIDNXT2 on line 1098 is a logi¬ 
cal 0, the output of the inverters 1106 and 1116 are a 30 
logical 1 which drives the outputs of the NOR gates 
1096 and 1094 (corresponding to scan address generator 
bits A0-A11) to a logical 0. Thus, the address bits from 
the scan address generator are not conducted to the 
memory address bus 1118 when VIDNXT2 is a logical 35 
0. On the other hand, when the state of VIDNXT2 on 
line 1098 is a logical 1 indicating the next cycle is a 
video cycle, the output of the inverters 1070,1084,1072 
and 1092 are a logical 1 which drives the outputs of the 
NOR gates 1058,1060,1062 and 1064 (corresponding to 40 
the address bits from the CPU) to a logical 0. 

The NOR gates 1094 have an additional clock signal 
input <I>1 with the NOR gates 1096 also having an addi¬ 
tional clock signal d>2 which is the inverse of the clock 
signal <J>1. Thus, when the address bits from the scan 45 
address generator are to be transmitted to the memory 
address bus 1118, the clock signal <I>1 goes low first 
which allows the address bits A0-A5 to be conducted 
first, followed by the address bits A6-A11 from the 
NOR gates 1096 when the clock signal 01 goes high and 50 
the clock signal 01 goes low. 

Similarly, the NOR gates 1058 (corresponding to the 
address bits A0-A5 during the low resolution mode) 
and the NOR gates 1060 (corresponding to the address 
bits A2-A7 during the high resolution mode) have an 55 
additional clock signal input <I>1 and the NOR gates 
1062 (for bits A 6-All) and 1064 (for bits A8-A11) have 
the additional clock signal <1>2. When the address bits 
from the CPU are to be conducted to the memory ad¬ 
dress bus 1118, the bits are also transmitted in two 6-bit 60 
slices, A0-A5 first, then A6-A11 (low resolution mode) 
or A2-A7 first, then A8-A13 (high resolution mode). 

SCREEN AND LIGHT PEN INTERRUPTS 

An additional function of the address chip concerns 65 
interrupts, namely a “screen” interrupt and “light pen” 
interrupt. The purpose of the screen interrupt is to syn¬ 
chronize the system “software” with the video system. 
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The CPU under the direction of the software or pro¬ 
gramming stored in the ROM's, can send a line number 
to an interrupt line register 1136 (which has address 
FH) shown in FIG. 44. 

In the low resolution mode, bit 0 of interrupt line 
register 1136 is set to 0 and the line number is set to bits 
1-7. In the high resolution mode, the line number is sent 
to bits 0-7. If the screen interrupt is enabled, the CPU 
will be interrupted when the display completes scan- 
1 ning the line which is contained in the interrupt register. 
A line counter 1138 counts the lines of pixels as they are 
displayed on the screen and the output of which is com¬ 
pared with the line number stored in the interrupt line 
register 1136 by a comparator 1140. 

The output of the comparator 1140 sets a flip-flop 
1142 which utilizes the HORIZONTAL DRIVE signal 
as a clock signal. The output of the flip-flop 1142 is 
connected to interrupt circuitry 1144 which generates 
an interrupt signal INT on an output line 1146 when the 
screen interrupt is enabled. The interrupt signal INT is 
transmitted to the CPU. 

This interrupt can be used for timing since each line is 
scanned 60 times a second. It can also be used in con¬ 
junction with the color registers to make as many as 256 
color-intensity combinations appear on a screen at the 
same time. Thus, after a screen interrupt, the data 
within the 8 color registers which can define 8 different 
color-intensity combinations may be changed to 8 addi¬ 
tional color-intensity combinations with the interrupt 
line register contents also being changed to a subse¬ 
quent line number. When this line is reached the process 
may be repeated until the full 256 possible combinations 
represented by the 5 color bits and 3 intensity bits in 
each color register have been displayed. 

The light pen interrupt occurs when the light pen 
trigger is pressed and the video scan of the display 
crosses the point on the screen were the light pen is 
located which generates a signal LIGHT PEN on an 
input line 1148 to the interrupt circuitry 1144. When the 
light pen interrupt is enabled, the interrupt circuitry 
1148 generates the interrupt signal INT and transmits it 
to the CPU. 

The CPU interrupt routine resulting from the INT 
signal can read two registers to determine the position 
of the light pen. The line number which indicates the 
vertical position of the light pen is read from a vertical 
feedback register 1150 which has address EH. In the 
high resolution system, the line number is in bits 0-7. In 
the low resolution system, the line number is in bits 1-7, 
and bit 0 should be ignored. 

The horizontal position of the light pen can be deter¬ 
mined by reading a horizontal feedback register 1152 
having address FH and subtracting 8. In the low resolu¬ 
tion system, the resultant value is the pixel position 0 to 
159. In the high resolution system, the resultant must be 
multiplied by 2 to give the pixel position, 0 to 358. 

A horizontal position counter 1154 counts the pixel 
positions as the corresponding pixels are scanned. The 
counter 1154 is reset by the HORIZ DR signal and is 
clocked by the clock signal. The output of the horizon¬ 
tal position counter 1154 is connected to the horizontal 
feedback register 1152. The output of the line counter 
or vertical position counter 1138 is connected to the 
vertical feedback register 1150. When the light pen 
interrupt is enabled, the interrupt circuitry 1144, upon 
the occurrence of a LIGHT PEN signal, causes the 
horizontal feedback register 1152 to latch up the current 
horizontal position as indicated by the horizontal posi- 
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lion counter 1154. Similarly, the vertical feedback regis¬ 
ter 1150 is caused to latch up the current vertical posi¬ 
tion or line as indicated by the line counter 1138. 

When the CPU acknowledges an interrupt, it reads 8 
bits of data from the data bus. It then uses the data as an 
instruction or an address. This data is determined by the 
contents of an interrupt feedback register 1156 which 
has address DH. The contents of the interrupt feedback 
register 1156 is originally set by the placement of data in 
it by the CPU. In responding to a screen interrupt, the 
contents of interrupt feedback register are placed di¬ 
rectly onto the data bus 66a. In responding to a light pen 
interrupt, the lower 4 bits of the data bus are set to 0 and 
the upper 4 bits are the same as the corresponding bits of 
the interrupt feedback register 1156. Thus, if the lower 
4 bits are 0, the CPU can determine that the light pen 
initiated the interrupt. Otherwise, the interrupt is a 
screen interrupt. 

In order for the Zilog Z-80 to be interrupted, the 
internal interrupt enable flip-flop must be set by an El 
instruction and one or two of the external interrupt 
enable bits of an interrupt enable and mode registers 
1158 which have address EH must be set. If bit 1 is set, 
light pen interrupts can occur. If bit 3 is set, screen 
interrupts can occur. If both bits are set, both interrupts 
can occur and the screen interrupt has high priority. 

The interrupt mode bits of the interrupt enable and 
mode register 1158 can determine what happens if an 
interrupt occurs when the Zilog Z-80 CPU interrupt 
enable flip-flop is not set. Each of the two interrupts 
may have a different mode. In “mode 0” the Z-80 will 
continue to be interrupted until it finally enables inter¬ 
rupts and acknowledges the interrupt. In mode 1, the 
interrupt will be discarded if it is not acknowledged by 
the next instruction after it occurred. If mode 1 is used, 
the software should be designed such that the system 
will not be executing certain Zilog Z-80 instructions 
when the interrupt occurs. The OP codes of these in¬ 
structions being with CDH, DDH, EDH and FDH. 

The line counter 1138 is shown in greater detail in 
FIG. 45 and comprises 8 bits 1138 a-h. (The bit 1138a is 
shown in greater detail in FIG. 57 with the bit 11386, 
typical of bits 11386-6 shown in greater detail in FIG. 
58.) The counter 1138 has an input line 1160 which is 
connected to the output of the logic elements 1046 
which have the HORIZONTAL DRIVE signal input. 
The HORIZONTAL DRIVE signal occurs once for 
each line of pixels displayed on the screen. The line 
counter 1138 synchronously counts the lines as they are 
displayed and indicates the current line number being 
displayed. The line counter 1138 has a reset input line 
1162 which is connected to the output of the logic ele¬ 
ments 1042 which have the VERTICAL DRIVE input 
signal. The line counter 1138 resets on each vertical 
drive pulse which occurs at the end of each field. 

The output of each of the counter bits 1158a~6 are 
connected to the inputs of the vertical feedback register 
indicated generally at 1150 and comprising bits 1150 a-h 
(with typical bit 1150a shown in greater detail in FIG. 
59). The vertical feedback register 1150 has a latch 
enable line 1164 connected to the output of the interrupt 
circuitry indicated generally at 1144. When this line is 
enabled, in response to a LIGHT PEN signal from the 
light pen, the vertical feedback register 1150 latches up 
the current count contained in the line counter 1138. 
The output of each bit 1150 a-h is connected to the data 
bus 666. The vertical feedback register 1150 has an 
output enable input connected by an inverter 1166 to 
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the register select line 1011 from the address decoder 
1008. The CPU may read the contents of the vertical 
feedback register 1150 by transmitting its address to the 
address decoder wherein the line number contained 
5 within the vertical feedback register 1150 is conducted 
onto the data bus 666 to the CPU. The CPU will read 
the contents of the vertical feedback register 1150 in 
response to an interrupt signal INT after determining 
that the interrupt is a light pen interrupt by reading the 
10 interrupt feedback register. In this manner, the CPU 
can determine the vertical position of the light pen. 

The horizontal position counter is indicated generally 
at 1154 and comprises bits 1154a-6 (with bit 1154a 
shown in greater detail in FIG. 60 and bit 11546, typical 
15 of bits 1154 b-h, shown in greater detail in FIG. 61.) The 
counter 1154 further comprises a programmed logic 
array indicated generally at 1168. The horizontal posi¬ 
tion counter 1154 has clock inputs d>l and <t>2 and syn¬ 
chronously counts the pixels of the line of pixels being 
20 displayed. Thus, the count contained within the counter 
1154 corresponds to the horizontal position of the last 
pixel displayed. The counter 1154 has a reset input line 
1170 which is connected to the output of the logic ele¬ 
ments 1046 which have the HORIZONTAL DRIVE 
25 signal input. The HORIZONTAL DRIVE signal 
which occurs at the end of each line of the raster scan 
causes the horizontal position counter 1154 to reset. 

The outputs of the bits 1154a-g of the horizontal 
position counter 1154 are connected to the inputs of the 
30 bits 1152 a-g, respectively, of the horizontal feedback 
register indicated generally at 1152. (Logic circuitry of 
the bits 1152a-g is similar to that shown for bit 1158a of 
the vertical feedback register shown in FIG. 59.) The 
output of the bits 1152a-g are connected to the data bus 
35 666 . 

The horizontal feedback register 1152 has a latch 
enable line connected to the line 1164 from the interrupt 
circuitry, such that the register 1152 can latch-up the 
current position count contained within the horizontal 
40 position counter 1154 upon a signal fro m the interrupt 
circuitry 1144 in response to the signal LIGHT PEN 
from the light pen. The horizontal feedback register 
1152 has an input connected to the register select line 
1010 from address decoder 1008 whereby the CPU may 
45 read the contents of the horizontal feedback register 
1152 by transmitting the address of the horizontal feed¬ 
back register 1152 to the address decoder. The CPU 
will read the horizontal feedback register to determine 
the horizontal position of the light pen in response to a 
50 light pen interrupt. 

The output of the bits 1154a-6 of the horizontal posi¬ 
tion counter 1158 are also connected to a decoder indi¬ 
cated generally at 1171 which includes a PLA 1275, a 
J-K flip-flop 1276 (shown in greater detail in FIG. 62) 
55 and pull-ups 1173 whose outputs are selectively coupled 
to a NOR gate 1175. The output of the NOR gate 1175 
is connected to a plurality of delays and inverters at 
1177 which have an output line 1098 which carries the 
clock signal VIDNXT2. 

60 VIDNXT2 is activated when the horizontal counter 
1154 indicates a negative 1 or if bit 0 is a 1 and bit 8 is 
a 0, which occurs 40 times a scan line. Since the MUX 
1024 utilizes VIDNXT2 as a select signal, the addresses 
generated by the scan address generator 1026 are se- 
65 lected 40 times a line. Furthermore, the scan address 
generator clock signal input line 1052 is connected to an 
output of the elements 1177 so that the scan address 
generator is clocked 40 times a scan line to output 40 
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sequential addresses synchronously with the MUX 
1024. VIDNXT2 is also utilized to generate the RAS 
(row address strobe) signals at 1179 for the video cy¬ 
cles. 

The output of the line counter 1138 is also connected 
to the inputs of the comparator 1140 shown to comprise 
8 exclusive-OR units 1140 a-h (with unit 1140a, typical 
of the units 1140a-/r, shown in greater detail in FIG. 63) 
and a PLA 1172 connected to the outputs of the units 
1140 a-h. The comparator 1140 further comprises the 
flip-flop 1142 connected to the output of the PLA 1172 
by a NOR gate 1174. The comparator 1140 has further 
inputs connected to the outputs of the interrupt line 
register 1136 which comprises bits 1136 a-h (with the 
bits 1130a-6 logically similar to that shown in FIG. 50). 
The interrupt line register 1136 which stores the screen 
interrupt line number from the CPU, has further input 
connected to the register select line 1012 from the ad¬ 
dress decoder 1008 by which the CPU may address the 
interrupt line register 1136 in order to input the inter¬ 
rupt line number. 

The comparator 1140 compares the number of the 
current line being displayed by the display unit as indi¬ 
cated by the line counter 1138 with the line number 
stored in the interrupt line register 1136. When the line 
counter reaches the number in the line register 1136, the 
flip-flop 1142 (shown in greater detail in FIG. 64) is set. 
The flip-flop 1142 has an output line 1176 connected to 
the interrupt circuitry shown at 1144 which carries the 
screen interrupt signal to the interrupt circuitry. 

The interrupt circuitry 1144 has an input line 1178 
which carries the LIGHT PEN signal which indicates 
that the raster scan has crossed the point where the light 
pen 62 (FIG. 2) is located. The line 1178 is connected by 
resistor 1180 and NOR gate 1182 to the clock input of a 
flip-flop 1184. The output of the flip-flop 1184 is con¬ 
nected to the input of a flip-flop 1186 (with flip-flop 
1184 logically similar to that shown in FIG. 64 and 
flip-flop 1186 logically similar to that shown in FIG. 
54). 

The interrupt mode and enable registers 1158 com¬ 
prise 5 bits 1158a-e (with bit 11586 shown in greater 
detail in FIG. 65 and bits 1158a and 1158c-e logically 
similar to that shown in FIG. 50). The output of bit 
11586 or bit 1 (which is the light pen enable bit) is con¬ 
nected to the input of an AND gate 1188 which is con¬ 
nected to the input of a NOR gate 1190. The other input 
to NOR gate 1190 is connected to the output of bit 4 or 
bit 1158e of the register 1158. The other input of the 
AND gate 1188 is connected to the output of a flip-flop 
1192 (shown in greater detail in FIG. 66) whose input is 
connected to the output of a decoder indicated gener¬ 
ally at 1194 which decodes the output of the horizontal 
counter 1154. The output of the NOR gate 1190 is con¬ 
nected by a NOR gate 1196 to the D input of the flip- 
flop 1184. 

The output line 1176 from the flip-flop 1142 (which 
carries the screen interrupt signal) is connected to the 
clock input of a flip-flop 1198 (logically similar to that 
of flip-flop 1184). The output of the flip-flop 1198 is 
connected to the D input of a flip-flop 1200 (which is 
logically similar to that shown in FIG. 54 for the flip- 
flop 1186). 

The output of bit 3 or bit 1158 d (which is the screen 
interrupt enable bit) of the interrupt enable and mode 
registers 1158 is connected to the D input of the flip- 
flop 1198. The output of the flip-flop 1184 is also con¬ 
nected by a line 1202 to the input of a plurality of logic 
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elements 1204 whose output is connected to a plurality 
of logic elements 1206 having the output line 1164 
which is connected to the latch enable inputs of the 
vertical feedback register 1150 and horizontal feedback 
register 1152. The output of the flip-flop 1184 is also 
connected to the input of a NOR gate 1208 whose out¬ 
put is connected to a plurality of logic elements 1210 
having an output line 1212. The output line 1212 is 
connected by a line 1214 to an output buffer 1216 whose 
output line 1218 carries the control signal INT which is 
the interrupt control signal to the CPU. The output line 
1212 is also connected by a plurality of logic elements 
indicated generally at 1220 (which includes a flip-flop 
1221) to the input of a flip-flop 1222. (The flip-flop 1221 
and 1222 are logically similar to the flip-flop shown in 
FIG. 67.) The ^ output of the flip-flop 1222 is con¬ 
nected to the input of NOR gates 1223 and 1224 which 
have other inputs connected to a line 1225 which carries 
the CPU control signal Ml from the output of an in¬ 
verter 1226 whose input is connected by a resistor 1228 
to the CPU control signal Ml input 1230. 

The output of the NOR gate 1223 is connected to the 
input of a NOR gate 1232 which has an input connected 
to the output of the NOR gate 1234. The NOR gate 
1234 has an input connected to the Q output of the 
flip-flop 1186 into the Q output of the flip-flop 1200 and 
an input connected to a line 1236 which is connected to 
the output of an inverter 1238. 

The output of the inverter 1226 is connected to the 
input of a NOR gate 1240 whose output is connected to 
a NOR gate 1242. The NOR gate 1242 has another 
input connected to the CPU control signal IORQ input 
pad 1244. The output of the NOR gate 1242 is con¬ 
nected by a buffer 1246 to the input of the inverter 1238. 

The output of the NOR gate 1232 is connected by an 
inverter 1248 to the reset input of the flip-flop 1184. The 
output of the NOR gate 1224 is connected to the input 
of a flip-flop 1250 which has an input connected to the 
output of a NOR gate 1252. The NOR gate 1252 has an 
input connected to the <5 output of the flip-flop 1200 
and an input connected to the line 1236. 

The output of the bit 1158a of the interrupt mode and 
enable register 1158 (which is the mode bit for the light 
pen interrupt) is connected to the input of the NOR gate 
1223. The Q output of the flip-flop 1158c (which is the 
mode bit for the screen interrupt) is connected to an 
input of the NOR gate 1224. 

The output of the AND gate 1188 is a logical 1 when 
the light pen interrupt enable bit 11586 and the output of 
the flip-flop 1192 from the decoder 1194 are logical 1. 
The flip-flop 1192 is set to 1 when the pixels being dis¬ 
played are defined by the display RAM, i.e., they are 
not background pixels. A logical 1 output of the AND 
gate 1188 causes the NOR gate 1190 to output a logical 
0 causing the NOR gate 1196 to output a logical 1 
which is presented to the D input of the flip-flop 1184. 

The LIGHT PEN signal on line 1178 goes low when 
the raster scan crosses the point where the light pen is 
located causing the output of the NOR gate 1182 to go 
high which clocks the flip-flop 1184 to a logical 1 when 
the D input is a 1 which is a function of the light pen 
enable bit 11586. The flip-flop 1186 will also be clocked 
to a logical 1. Since the output of the flip-flop 1184 is a 
logical 1, the output of the NOR gate 1208 is a logical 0 
causing the output line 1212 and line 1214 to subse¬ 
quently become a logical 1. This in turn causes the 
output line 1218 to beco me a logical 0 which is the CPU 
interrupt control signal INT for interrupts. 
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The logical 1 state on the line 1214 subsequently 
causes the flip-flop 1222 to assume a logical 1 state and 
the Q output to assume a logical 0. With the light pen 
mode bit 1158a at a logical 0 (mode 0) the Q output of 
the bit 1158a is a logical 1 which causes the output of 
the NOR gate 1223 to be a logical 0 and thus the output 
of the NOR gate 1232 depends upon the output of the 
NOR gate 1234. The flip-flop 1193 is set when the line 
number contained in the interrupt line register equals 
the current line number as indicated by the line counter 
(which initiates a screen interrupt). For purposes of 
illustration, it will be assumed that this condition is not 
true and that the output of the flip-flop 1198 which is 
connected to an input of the NOR gate 1234 is a logical 
0. The state of the input line 1236 to the NOR gate 1234 
is a logical 0 when the CPU acknowledges an interrupt. 
Thus, if the interrupt is acknowledged, all of the inputs 
of the NOR gate 1224 are a logical 0 and the output is 
a logical 1 causing the output of the NOR gate 1232 to 
be a logical 0. This output is inverted by the inverter 
1243 which causes the flip-flop 1184 to be reset which 
causes the interrupt signal I NT on output line 1218 to 
return to a logical 1 state. 

If the interrupt has not been acknowledged, the state 
of the input line 1236 is a logical 1 causing the output of 
the NOR gate 1234 to be a logical 0, the output of the 
NOR gate 1232 to be a logical 1, and the output of the 
inverter 1248 to be a logical 0 and the f lip-fl op 1184 will 
not be reset. Thus, the interrupt signal INT will remain 
a logical 0 and the CPU will continue to be interrupted 
until it acknowledges the interrupt since the light pen 
interrupt is in mode 0. 

If the light pen mode bit 1158a contained a logical 1 
(mode 1) the Q output of bit 1158a is a logical 0. Since 
the Q output of the flip-flop 1222 is a logical 0, when the 
Ml signal also goes low (after the next instruction has 
been fetched) the output of the NOR gate 1223 will 
become a logical 1 causing the output of the NOR gate 
1232 to be a logical 0 and the output of the inverter 1248 
to be a logical 1 which resets the flip-fl op 11 84. When 
this flip-flop is reset, the interrupt signal INT returns to 
a logical 1. Thus, the CPU must acknowledge the inter¬ 
rupt upon the next instruction if at all, in Mode 1. 

The output of the screen interrupt enable bit 1158^ is 
the D input of the flip-flop 1198 which is clocked by the 
output of the flip-flop 1142. As noted before, the flip- 
flop 1142 is set when the line number being displayed as 
indicated by the line counter 1138 reaches the line num¬ 
ber stored in the interrupt line register 1136 which initi¬ 
ates a screen interrupt when enabled. If the enable bit 
llSSd contains a 1, the flip-flop 1198 will be clocked to 
1 when the flip-flop 1142 is set. Otherwise, it will re¬ 
main 0 since its D input is 0. 

Since the output of the flip-flop 1198 is also con¬ 
nected to an input of the NOR gate 1208, whe n the 
flip-flop 1198 is set, the interrupt control signal INT 
subsequently goes low indicating an interrupt just as for 
the light pen interrupt. Modes 0 and 1 for the screen 
interrupt are indicated by the bit 1158c also operate in a 
manner similar to that for the light pen interrupt. 

Thus, the flip-flop 1222 subsequently assumes a logi¬ 
cal 1 state when the INT signal is activated due to a 
screen interrupt as well. With the screen interrupt mode 
bit 1158c at a logical 0 (mode 0), the Q output of the bit 
1158c is a logical 1 which causes the output of the NOR 
gate 1224 to be a logical 0 and thus the output of the 
NOR gate 1250 depends upon the output of the NOR 
gate 1252. 
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The Q output of the flip-flop 1200 is set to 1 (after 
being clocked by Ml) when the flip-flop 1198 is set and 
thus the Q output of the flip-flop 1200 goes to 0. When 
the CPU acknowledges the interrupt (i.e., the state of 
the line 1236 becomes a 0) the output of the NOR gate 
1252 becomes a logical 1. This causes the output of the 
NOR gate 1250 to become a logical 0, the output of the 
inverter 1251 to become a logical 1 and the flip-flop 
1198 to reset. This in turn deactivates the interrupt 
signal INT. 

Had the screen interrupt mode bit 1158c been set to 1 
(i.e., mode 1), the output of the NOR gate 1224 would 
go to 1 when the CPU signal Ml goes to 0 (i.e., after the 
next instruction). This causes the output of the NOR 
gate 1250 to become a logical 0, the output of the in¬ 
verter 1251 to become a logical 1 and the flip-flop 1198 
to be reset. Thus, the interrupt will be discarded if not 
acknowledged by the next instruction in mode 1. 

The input feedback register is indicated at 1156 and 
comprises 8 bits HS6a-h (with bit 1156a typical of bits 
1156 a-d shown in greater detail in FIG. 68 and bit 1156c 
typical of bits 1156 e-h shown in greater detail in FIG. 
69). The D input and Q output of each bit of the inter¬ 
rupt feedback register 1156 is connected to the data bus 
666. The interrupt feedback register 1156 has an input 
connected to the register select line 1024 from the ad¬ 
dress decoder 1008 by which the CPU may address the 
interrupt feedback register and store interrupt data in 
the register. Each bit also has a latch enable input con¬ 
nected to the line 1236 which goes low when the CPU 
acknowledges the interrupt. Thus, when the CPU ac¬ 
knowledges an interrupt, the data contained within the 
interrupt feedback register 1156 is conducted to the data 
bus 66b and transmitted to the CPU. The bits 1156a-^ 
have a reset input connected by a line 1260 through the 
Q output of the flip-flop 1200. 

When the flip-flop 1200 contains a logical 1 indicating 
a screen interrupt, the Q output is a logical 0 and the 
data stored in the bits 1156a-6 by the CPU is conducted 
back to the CPU on the data bus 66 unmodified when 
the CPU acknowledges the interrupt. Since the data is 
unmodified, it indicates to the CPU that the interrupt 
was a screen interrupt. However, if the flip-flop 1200 
contains a logical 0, the Q output is a logical 1 which 
causes the bits 115 6a-d to all conduct 0’s onto the data 
bus 66 in response to an interrupt acknowledge signal 
indicating a light pen interrupt. The bits 1156e-h are 
conducted unmodified. Since the flip-flop 1200 is set by 
the occurrence of a screen interrupt, screen interrupts 
have priority over light pen interrupts. 

The output of the line counter 1138 is shown in FIG. 
44 to be also connected to a comparator 1262 which 
also has inputs from a vertical blank register 1264. The 
vertical blank register 1264 contains the line number at 
which pixel data from the display RAM is no longer 
used to define the pixels displayed on the screen and has 
the same address as the vertical blank register of the 
data chip but is utilized for a different purpose. When 
the line counter 1138 reaches the line number contained 
within the vertical blank register 1264, the comparator 
1262 outputs a signal which is used by a memory cycle 
generator 1266 to activate a memory refresh cycle. 

The memory cycle generator controls memory cy¬ 
cles generated by either CPU initiated reads or scan 
address generator read operations. The ge n erator input s 
include the CPU control signals MREQ, RT), IORQ, 
MI and RFSH, and address bits A12-A15 which are 
transmitted directly from the CPU. The RAS0-RAS3 
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outputs are generated by the memory cycle generator 
1266 and are used to activate memory cycles. In the low 
resolution mode, only RASO is used to one bank of 
RAM (4K by 8). In the high resolution mode, all four 
RAS signals are used to control four banks of RAM 5 
(16k X 8). Two other signals generated are WRCTL and 
LTCH DO wh ich are control signals to the data chip. 
Also, a WAIT signal is generated to initiate a wait state 
in the CPU. 

The vertical blank register is indicated at 1264 in 10 
FIG. 45 and comprises 8 bits 1264a-h (with each bit 
logically similar to that shown in FIG. 50). The vertical 
blank register 1264 has a register select line 1016 at 
which the CPU may address the vertical blank register 
and input data from the data bus 66 b which is the line 15 
number at which “blanking” occurs. The Q and Q out¬ 
put of each bit of the vertical blank register 1264 is 
connected to the comparator indicated generally at 
1262 which comprises a programmed logic array 1268 
which includes a plurality of pull-down transistors 1269 20 
and pull-up transistors 1270 and a plurality of NOR 
gates 1271. The comparator 1262 also has inputs con¬ 
nected to the output of the line counter 1138 as previ¬ 
ously mentioned. 

The output of the comparator 1262 is connected to 25 
the D input of a flip-flop 1272 (shown in greater detail 
in FIG. 64) which has a reset input connected to the 
output of a flip-flop 1300 (shown in greater detail in 
FIG. 58) which has an input connected to the most 
significant bit 1138/r circuit of the line counter 1138. 30 
The Q output of the flip-flop 1272 is connected by a line 
1274 to an input of the memory cycle generator indi¬ 
cated generally at 1266. 

The memory cycle generator comprises a PL A 1275, 
which includes pull-down transistors 1276 and pull-up 35 
transistors 1278, and a J-K flip-flop 1280 (shown in 
greater detail in FIG. 70). The generator 1266 further 
comprises J-K flip-flops 1282cr-g (each of which is logi¬ 
cally similar to that shown in greater detail in FIG. 66) 
and bits 4 and 5 of a function generator register (each of 40 
which is logically similar to that shown in FIG. 50) 
having the same address as the function generator regis¬ 
ter of the data chip. 

A RAS signal is generat ed for d isplay RAM accesses 
and thus is the function of MREQ, and VIDNXT2 and 45 
the address bits A12, A13 and A15 (to determine 
whether t he me mory access concerns the display 
RAM). A WAIT signal is generated to initiate a wait 
state in the CPU for all input and output operations 
(IORQ) to compensate for any delay due to the micro- 50 
cycler since the CPU address bus and data bus “time 
share” the microcycle data bus. Wait states are similarly 
initiated for CPU read and write operations (for data 
and instructions). Two wait states from and to the dis¬ 
play RAM are generated if the CPU is executing in- 55 
structions in the display RAM. 

An additional wait state is initiated if the CPU and the 
video processor at tempt t o access the display RAM at 
the same time. A WAIT signal is transmitted to the 
CPU when VIDNXT2 is active (indicating the next 60 
memory access cycle is to be a video cycle) and the 
CPU also requests the display RAM (MREQ). 
LTCHDO becomes active when data being read from 
the display RAM is on the display RAM data bus. 
LTCHDO enables the OR/exclusive-OR circuit of the 65 
data chip to latch up the data on the memory data bus. 
WRCTL indicates that the present memory cycle is a 
write operation rather than a read. 


58 


The relationship between the input signals MREQ, 


RD from the CPU and the dock signal <P to the mem¬ 
ory cycle generator outputs WAIT, RAS, WRCTL and 
LTCHDO are shown for CPU read and write opera¬ 
tions to the display RAM with FIGS. 12A and D illus¬ 
trating write operations and FIGS. 12B and C, read 
operations. FIGS. 12C and D illustrate the extra wait 
state generated when a CPU read or write conflicts 
with a video cycle by the video processor. The shaded 
areas of the MA0-MA5 lines are determined by the 
address bits MA0-MA5. 

The relationship between the inputs of CPU control 
signals IORQ, RD and the clock signal and the mem¬ 
ory cycle output WAIT is shown for input/output read 
operations in FIGS. 12E and G and input/output write 
operations in FIG. 12F. FIG. 12E illustrates an I/O 
read from the switch matrix ports 10H-17H and FIG. 
12G illustrates I/O reads from the other ports. 

The RASO output of the address chip is shown in 
FIG. 10C to be connected to the D input of a flip-flop 
956 of the logic elements 954, whose Q output carries 
the CS/RAS (chip select and row address strobe) signal 
for the display RAM 42 and is connected to the RAM 
control signal bus 958. The clear input of the flip-flop 
956 is connected to the output of a NAND gate 960 
having inputs connected to the Q output of the flip-flop 
956, the clock signal from the buffer 100 and the Q 
output of a flip-flop 962. 

The D input of the flip-flop 962 is connected to the 
clock signal 4> and the Q output is connected to the 
clock input of the flip-flop 956. The flip-flop 962 is 
clocked by the clock signal PX. The flip-flop 956 oper¬ 
ates to invert the signal RASO and to delay it to produce 
the CS/RAS signal at its Q output, the delay being a 
function of the clock signal <P and PX inputs to the logic 
elements 954. 

The DATEN output of the data chip 54 is connected 
to the input of a NOR gate 964 having a grounded input 
and an output connected to the enable input of the tri¬ 
state drivers 966a-k connected to the DO output of the 
RAM chips 104 a-h, respectively. The output of the 
drivers are connected to the memory data bus 102. 

The output of the NOR gate 964 is connected to the 
input of a NAND gate 968 whose output is connected 
to the control signal bus 958 and carries the write enable 
signal, WE. The other input of the NAND gate 968 is 
connected to the Q output of a flip-flop 970 whose D 
input is connected to the Q output of the flip-flop 962. 
The Q output of the flip-flop 970 is connected to the 
control signa l bus 958 and carries the column address 
strobe (CAS) signal. The flip-flop 970 is docked by the 
output of a flip-flop 972 which is enabled by the PX and 
PX cloc k signals. 

When DATEN goes low, the output of the NOR 
gate 964 goes high which turns off the drivers 966 a-h. 
Subsequently, when the clock signal from the Q output 
of the flip-flop 970 goes high, the output of the NAND 
gate 968 goes low which enables the RAM’s 104a-h to 
have data written in them. 

I/O CHIP 

As noted before, the control handles 1 2a-d and the 
keypad 18 (FIG. 2) are connected to the I/O chip 50 
and provide signals in response to manipulation by the 
players or operators to the I/O chip. The CPU 46 of the 
digital computer 44 receives the keypad and control 
handle input signals from the I/O chip 50 in the digital 
form. The I/O chip has a music processor which pro- 
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vides audio signals to RF modulator 58 in response to 
output data signals from the computer to play melodies 
or generate noise through the TV 28. 

The interconnection of the I/O chip 50 within the 
system is shown in FIG. 10C. The I/O chip has inputs 
MXD0-MXD7 connected to the microcycle data bus 
66 and inputs RD and IORQ for the CPU control sig¬ 
nals READ and INPUT/OUTPUT REQUEST^ re¬ 
spectively and inputs for the clock signals <t> and 4>. 

Outputs POTO-POT1 are each operatively con¬ 
nected to one of the potentiometers of the player con¬ 
trol handles 12 a-d. A signal transmitted to one of the 
potentiometers results in a signal returned to input 
MONOS which will be more fully explained later. Out¬ 
puts SO0-SO7 are selectively coupled to the keys and 
switches of the keypad 18 and player control handles 
12 a-d of the switch matrix shown in FIG. 8. Activation 
of one of the outputs SO0-SO7 results in signals being 
received at the switch inputs SI0-SI7 also to be more 
fully explained later. The I/O chip has power supply 
inputs VDD, VGG and VSS connected to +5 v, +10 
v and ground, respectively, a TEST input connected to 
the +5 v supply and a RESET input connected to the 
extension plug 77. 

The CPU communicates with the I/O chip shown in 
block diagram in FIGS. 71A-C, through input and 
output instructions. Each input or output instruction 
has an address at which data is to be inputted from or 
outputted to. This address is transmitted to the input- 
/output chip 50 (FIG. 71A) via the microcycle data bus 
66, tri-state buffer 1400, and I/O data bus 66c to a mi- 
crocycle decoder 1402 which assembles the address in a 
manner similar to that described for the microcycle 
decoder of the data chip. The microcycle decoder 1402 
assembles the 11 bit address, A0-A1D, which is decoded 
by an address decoder 1404. The address decoder 1404 
has an input for the INPUT control signal and input for 
the OUTPUT control signal which are activated in 
conjunction with an input or an output instruction, 
respectively. The address decoder 1404 decodes the 
address from the microcycle decoder 1402 and activates 
one of the select lines 1406-1415 with select lines 1406 
comprising eight select lines SO0-SO7. The particular 
select line activated depends upon the address transmit¬ 
ted to the address decoder 1404 and the state of the 
INPUT and OUTPUT control signals. 

The select lines SO0-SO7 have addresses 10-17H and 
are activated with an input instruction. When one of 
these lines is activated, the switch matrix (shown in 
FIG. 8) will feedback the associated 8 bits of data on an 
input bus, SI0-SI7 indicated at 1418 to a multiplexer 
1420 which will gate the data to a data bus 66 d which is 
connected to the microcycle data bus 66 by the tri-state 
buffer 1400. Thus for example, if an input instruction 
transmits the address 12H to the address decoder 1404, 
the select line S04 will be activated which will cause 
the keypad data indicated at 1422 (FIG. 8) of the switch 
matrix to be conducted to the microcycle data bus on 
the input data bus 1418. 

The select lines 1407-1414 are output register select 
lines. These lines are activated with the concurrence of 
the OUTPUT control signal (which is activated by an 
output instruction) and the associated address (Table II) 
of a master oscillator, tone A frequency, tone B fre¬ 
quency, tone C frequency, vibrato and noise volume 
registers. In addition are the tone C volume, noise mod¬ 
ulation, and MUX output registers and tone A and tone 
B volume output registers. These output registers are 
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part of the music processor in which the CPU loads 
data with output instructions. This data determines the 
characteristics of the audio signal that is generated. 

The CPU can read the positions of the four potenti- 
5 ometers 17 of the four player control handles I2a-d 
(FIG. 1) through an analog-digital converter circuit 
indicated generally at 1422. The potentiometers are 
continuously scanned by the analog-digital (A-D) con¬ 
verter circuit and the digital results of the conversion 
10 are stored in the pot 0-3 registers 1424. The CPU reads 
these registers with input instructions. 

The CPU can address the registers 1424 by transmit¬ 
ting the address of one of the registers to the address 
decoder 1404 which activates the select line 1415. A 
15 potentiometer (or pot) register address decoder 1426 
has an input for the select line 1415 as well as the ad- 
t dress bits A0 and Al. The pot register address decoder 
1426 decodes these inputs to select one of the four regis¬ 
ters, pot 0-pot 3. A selected register feeds back all 0’s 
20 when the corresponding potentiometer is turned fully 
counterclockwise and all l’s when turned fully clock¬ 
wise. 

The output of a 2-bit “scan” counter 1428 is con¬ 
nected to the inputs of a scan decoder 1430 which has a 
25 4-bit output line 1432 indicated as POT 0-3 and 4 regis¬ 
ter select lines connected to the pot 0-3 registers 1424. 
Each line of the POT 0-3 lines 1432 is operatively con¬ 
nected to an associated potentiometer. Thus, for exam¬ 
ple, the POT 0 line of the line 1432 is shown connected 
30 to the associated potentiometer 17 of the player control 
handle 12 a in FIG. 72. The potentiometer is connected 
to a capacitor 1436 having an output line 1438 which 
carries the analog signal MONOS. 

Referring back to FIG. 71A, a comparator 1440 has 
35 an input for the analog signal MONOS which is com¬ 
pared to a reference signal REF. The output of the 
comparator 1440 is connected to a counter 1442 which 
counts until the voltage signal MONOS across the ca¬ 
pacitor 1436 reaches the reference REF. 

40 The scan decoder 1430 decodes the output of the scan 
counter 1428 to sequentially activate the POT 0, POT 1, 
POT 2 and POT 3 lines of the lines 1432. Thus, when 
the POT 0 line is activated, the capacitor 1436 shown in 
FIG. 72 will begin to charge and the MONOS analog 
45 signal will begin rising. As the MONOS signal rises, the 
counter 1442 continues counting until the MONOS 
signal reaches the RAF signal. At that point, the 
counter 1442 stops. The rate at which the capacitor 
charges is related to the setting of the associated poten- 
50 tiometer. Thus the count that the counter 1442 reaches 
is determined by the potentiometer setting. 

Synchronously with the sequential activation of the 
output lines 1432, the register select lines 1434 are acti¬ 
vated such that the pot 0 register is selected to input the 
55 output of the counter 1442 after the POT 0 line is acti¬ 
vated and the output of the counter 1442 is determined 
by the setting of the potentiometer of the control handle 
1 2a. Next, the pot 1 register is selected to input the 
digital data representing the setting of the potentiome- 
60 ter of the control handle 12 b, etc. 

The CPU may then input this data by sending the 
corresponding addresses of the potentiometer registers 
1424 (Table II) to the address decoder 1404 and pot 
register address decoder 1426. Each of the pot 0-3 reg- 
65 isters 1424 are connected to the multiplexer 1420 by an 
8 bit output line 1444. The multiplexer 1420 has an input 
for the line 1415 such that when an address correspond¬ 
ing to one of the pot 0-3 registers 1424 is sent by the 
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CPU to input the data contained by the registers 1424, 
the multiplexer 1420 selects the 8 bits of data on the line 
1444 from the registers 1424 and conducts them to the 
data bus 66d. 

The I/O chip is shown in greater detail in FIGS. 5 
73A-M with a composite diagram of FIGS. 73A-M 
shown in greater detail in FIG. 74. The microcycle 
decoder is indicated generally at 1402 in FIG. 73 and 
comprises 11 bit circuits 1402a-* for the address bits 
A0-A10, respectively, (with the decoder bit circuit 10 
1402a typical of the bits 1402a-* shown in greater detail 
in FIG. 75). The low address bits A0-A7 are loaded by 
the bit circuits 1402a-* of the microcycle decoder 1402 
on the control signal LDL1, with the high address bits 
A8-A10 loaded on the control signal LDH1 in a man- 15 
ner similar to that for the microcycle decoders of the 
address and data chips. 

The address decoder is indicated generally at 1404 in 
FIG. 73 and comprises a PL A just as for the address and 
data chips. The address decoder 1404 decodes the ad- 20 
dress bits from the microcycle decoder 1402 and acti¬ 
vates one of the switch matrix input port select lines 
SO0-SO7 indicated at 1406, (each of which is the out¬ 
put of a driver 1704, shown in greater detail in FIG, 76) 
if the corresp onding a ddress is present as well as the 25 
control signal INPUT on line 1446. Similarly, the ad¬ 
dress bits can be decoded to activate the associated 
music processor output port select lines 1407-1414 if the 
output control signal OUTPUT on line 1448 is active. 

All the music processor registers can be loaded with 30 
one Z-80 OTIR instruction. The contents of register C 
should be sent to output port address 18H, register B to 
8H and HL should point to the 8 bytes of data. The 
output lines 1451 are sequentially activated such that 
the register select lines 1414-1407 are sequentially acti- 35 
vated with the data pointed to by HL going to output 
port 17H (noise volume register) and the next 7 bytes 
going to output ports 16H-10H. 

The pot register input select line 1415 of the address 
decoder 1404 is also indicated. The switch input lines 40 
SI0-SI7 are indicated generally at 1418 and are opera¬ 
tively connected to the multiplexer indicated generally 
at 1420. The gates of the transistor switches which 
comprise the multiplexer 1420 are connected to the 
output of an inverter 1450 whose input is connected to 45 
the line 1415. When the logic state of the line 1415 is a 
logical 1, the pot 0—3 registers 1424 are selected causing 
output of the inverter 1450 to be a logical 0 which turns 
off the transistor switches of the multiplexer 1420 
thereby turning off the SI0-SI7 inputs. 50 

The pot 0-3 registers are indicated generally at 1424 
(with the least significant bit 1424a of the pot 0 register 
typical of the bits of the registers 1424, shown in greater 
detail in FIG. 77.) The output of each of the potentiom¬ 
eter registers 1424 is connected by the 8-bit output line 55 
1444 to the output of the associated transistor switches 
of the multiplexer 1420. The output of the switches of 
the multiplexer 1420 are also connected to the 2 input of 
the tri-state buffer indicated generally at 1400 (with unit 
1400a, typical of the 8 units of the tri-state buffer 1400 60 
shown in greater detail in FIG. 78) by the I/O chip data 
bus 66d The input/output terminal 3 of each unit of the 
tri-state buffer 1400 is connected to the microcycle data 
bus 66. 

The 1 input of each buffer unit is connected to the 65 
output of an inverting gate 1553 (shown in greater detail 
in FIG. 79) which has an input line 1555 and an input 
line 1557, both from the address decoder 1404. The line 
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1555 is activated by addresses 10H-17H (the switch 
matrix input ports) and the line 1557 is activated by 
addresses 1CH-1FH (the potentiometer input registers). 
The activation of either line allows the tri-state buffer 
1400 to transmit the data from the switch matrix or the 
potentiometer registers to the microcycle data bus 66. 

The scan counter is indicated generally at 1428 in 
FIG. 73 and comprises a 2-bit counter (with the least 
significant bit 1428a shown in greater detail in FIG. 80). 
The inputs of the counter 1428 are connected to the 
output of a flip-flop 1452, the output of which is con¬ 
nected to an input line 1454 which carries the clock 
signal. The output of the scan counter 1428 is connected 
to the scan decoder indicated generally at 1430 which 
comprises a PLA having four output lines 1432 and four 
output lines 1434. 

The output lines 1432 are connected to the POT 0 ( 
POT 1, POT 2 and POT 3 output pins of the I/O chip, 
respectively, by a buffer 1456 (shown in greater detail in 
FIG. 81). Each of the output lines 1434 of the PLA of 
the decoder 1430 are connected to a register select input 
4 of each bit of a register of the pot 0-3 registers 1424. 

As the counter 1428 cycles through its 4 output states 
(as it is a 2-bit counter) the POT 0-3 lines of the output 
lines 1432 are sequentially activated. As each output 
line is activated, a capacitor operatively connected to 
the potentiometer associated with that particular output 
line charges at a rate as determined by the setting of the 
potentiometer. The output of each capacitor is opera¬ 
tively connected to the MONOS input 1658 of the I/O 
chip which is connected by a resistor 1660 to the input 
of the comparator 1440. The comparator 1440 has an¬ 
other input connected to the junction of a voltage di¬ 
vider 1662 which generates the voltage reference signal 
REF. 

The output of the comparator 1440 is connected to 
the input of a plurality of logic elements indicated at 
1664 which includes gates 1666-1669, with gate 1666, 
typical of gates 1666-1669 (shown in greater detail in 
FIG. 82). Also included are gates 1670-1672 (with gates 
1670 and 1672 shown in greater detail in FIG. 83.) (The 
gate 1671 is also logically similar to that shown in FIG. 
83, but VDD and VSS are interchanged.) 

The output 4 of the gate 1666 is connected to a stop 
input 6 of each bit of the counter indicated generally at 
1442 (with bit 1442a typical of the bits of the counter 
1442 shown in greater detail in FIG. 84). The counter 
1442 is clocked by a 2-bit counter 1678 (with bit 0 or 
1678a, and bit 1, or 1678*, shown in greater detail in 
FIGS. 85 and 86, respectively, and buffer 1679 shown in 
greater detail in FIG. 87). The counter 1678 has an 
input for the clock signal from a buffer 1681 (also 
shown in greater detail in FIG. 87.) The output of the 
counter 1678 at the buffer 1568 is the clock signal <I> 
divided by four. The counter 1442 counts until the 
MONOS signal reaches that of the REF reference sig¬ 
nal such that the count contained within the counter 
1442 is proportional to the potentiometer setting of the 
potentiometer associated with the particular output line 
of the output lines 1432. 

Synchronously with the activation of the output lines 
1432, the pot register select lines 1434 are sequentially 
enabled such that pot 0 of the registers 1424 is selected 
and enabled to latch up the data output of the counter 
1442 when the counter 1442 indicates the positional 
setting of the potentiometer (“pot 0”) associated with 
control handle 12a, etc. Accordingly, the output of 
each bit of the counter 1442 is connected by the logic 
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gates indicated generally at 1468 to the 1 input of a bit 
of each register of the potentiometer registers 1424. 

When a particular pot line of the POTO-POT3 lines 
1432 is activated, the associated capacitor begins charg¬ 
ing until the MONOS signal on the line 1658 reaches the 
REF voltage as determined by the comparator 1440. 
One delay later (gate 1666), the counter 1442 is stopped. 
If IORQ is not active, one delay later (gate 1667) the 
output lines 1434 of the scan decoder are enabled so that 
one of the pot registers 1424, corresponding to the 
count of the scan counter 1430, can latch up the count 
output of the counter 1442. One delay later (gate 1671), 
the output lines 1432 are turned off. Also one delay after 
gate 1667 (gate 1668), the scan counter is incremented 
and the counter 1442 is reset. 

One delay later (gate 1670), a DISCHARGE signal 
on a line 1674 (which is the output of a buffer 1676 
shown in greater detail in FIG. 88) discharges the ca¬ 
pacitor. When the counter 1442 reaches 64, one delay 
later (gate 1670) the DISCHARGE signal is turned off. 
Two delays (gates 1669 and 1671) after the counter 1442 
reaches 64, the POTO-POT3 lines 1432 are enabled so 
that the particular pot line of the lines 1432 correspond¬ 
ing to the incremented count of the scan counter 1428 is 
activated to start the cycle all over. 

The pot register address decoder is indicated gener¬ 
ally at 1426 in FIG. 73 and comprises a PL A having an 
input line 1415 from the address decoder 1404 and input 
lines 1469 and 1471 for the address bits A0 and Al, 
respectively. The CPU can read the contents of any 
particular potentiometer register 1424 by transmitting 
the appropriate address to the address decoder which 
activates the line 1415. The address bits A0 and Al 
come directly from the microcycle decoder 1402 and 
determine which of the 4 registers, pot 0-3, is selected. 

The INPUT and OUTPUT control signals are gener¬ 
ated on the output lines 1446 and 1448, respectively, of 
a generator indicated generally at 1680 and includes 
gates 1682-1686 (and are logically similar to that shown 
in FIG. 89). Also included is counter bit 1688 (shown in 
greater detail in FIG. 86). 

MUSIC PROCESSOR 

A block diagram of the music processor of the I/O 
chip is shown in FIG. 71B and C. The music processor 
can be divided into two sections. The first section 
(shown in FIG. 71B) generates a master oscillator fre¬ 
quency and the second section (shown in FIG. 71C) 
uses the master oscillator frequency to generate tone 
frequencies and the analog AUDIO output. 

The frequency of the master oscillator is determined 
by the contents of several output registers. The contents 
of all registers in the music processor are set by output 
instructions from the CPU. 

The master oscillator frequency is a square wave 
whose frequency is determined by 8 binary inputs to a 
master oscillator 1470 and a clock signal. This 8 bit 
input word is the sum of the contents of a master oscilla¬ 
tor register 1472 (having address 10H which activates 
the register select line 1407) and the output of a multi¬ 
plexer 1474. The multiplexer 1474 is controlled by the 
output of a one bit multiplexer register 1476 (having 
address 15H which activates the register select line 
1412). The addition of the contents of the master oscilla¬ 
tor register 1472 and the output of the multiplexer 1474 
is performed by an 8 bit adder 1478 which has an 8 bit 
output connected to the master oscillator 1470. 
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If the multiplexer register 1476 contains a logical 0, 
then the data from a “vibrato” system, indicated gener¬ 
ally at 1480, will be conducted through the multiplexer 
1474. The 2 bits from a 2-bit vibrato frequency register 
1482 (having address 14H) determine the frequency of 
the square wave output of a low frequency oscillator 
1484. The output of the low frequency oscillator 1484 is 
operatively connected to the input of a set of logic gates 
1486 represented by an AND gate. The vibrato system 
1480 further comprises a 6-bit vibrato register 1488 (also 
having address 14H) which is operatively connected by 
a 6 bit output line to the “AND” gate 1486. The 6-bit 
word at the output of the AND gate oscillates between 
0 and the contents of the vibrato register 1488 since the 
contents of the vibrato register 1488 are being 
“ANDed” with the output of the low frequency oscilla¬ 
tor 1484, with the frequency of oscillation determined 
by the contents of the vibrato frequency register 1482. 
The 6-bit output word of the AND gate 1486, along 
with 2 logical 0 bits (when the MUX register 1476 con¬ 
tains a logical 0) are conducted through the multiplexer 
1474 to the 8 bit adder 1478 to be added to the contents 
of the master oscillator register. This causes the master 
oscillator frequency to be modulated between two val¬ 
ues since the frequency is a function of alternatively the 
contents of the master oscillator register and the sum of 
the contents of the master oscillator register and the 
output of AND gates 1486 thus giving a vibrato effect. 

If the multiplexer register 1476 contains a logical 1, 
the data from a “noise” system, indicated generally at 
1490, will be conducted through the multiplexer 1474 to 
the 8-bit adder 1478. An 8-bit “noise volume” register 
1492 is operatively connected to the input of a set of 
gates 1494 also represented by an AND gate. An 8-bit 
noise generator 1496 is also operatively connected to 
the inputs of the “AND” gate 1494. The output of the 
noise generator is an 8-bit word that constantly varies. 
The gate 1494 functions as 8 AND gates so that each 
output bit of the noise volume register 1492 is ANDed 
with an output bit of the noise generator 1496. Thus the 
8 bit output word from the noise volume register deter¬ 
mines which bits from the noise generator will be pres¬ 
ent at the output of the gates 1494. Accordingly, if a bit 
in the noise volume register 1492 is 0, the corresponding 
bit at the output of the gates 1494 will also be 0. If a bit 
in the noise volume register is 1, the corresponding bit 
at the output of the AND gate will be a noise bit from 
the noise generator. This 8 bit word from the gates 1494 
is conducted through the multiplexer 1474 (when the 
multiplexer register 1476 contains a 1) to the 8-bit adder 
1478. Thus, the master oscillator frequency can be mod¬ 
ulated by noise. Modulation can be completely disabled 
by setting the noise volume register 1492 to 0 if noise 
modulation is being used, or by setting the vibrato regis¬ 
ter 1488 to 0 when vibrato is used. 

In the second part of the music processor shown in 
FIG. 71C, the square wave from the master oscillator 
on the output line 1498 of the master oscillator 1470 
(FIG. 71B) is conducted to the clock input of 3 tone 
generator circuits, tone generators A, B, and C indi¬ 
cated at 1500, 1502 and 1504, respectively, which pro¬ 
duce square waves at their outputs. The frequency of 
the outputs of each tone generator is determined by the 
contents of an associated tone generator register and the 
master oscillator frequency. Accordingly, a tone gener¬ 
ator “A” register 1506 is connected to the input of the 
tone generator A, a tone generator “B” register 1508 is 
connected to the input of the tone generator B and a 
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tone generator “C” register 1510 is connected to the 
inputs of the tone generator C. 

The output of the tone generator A which carries the 
square wave output is operatively connected to the 
inputs of a set of gates indicated at 1512 which function 
as 4 AND gates, with the other 4 inputs of the “AND” 
gates 1512 operatively connected to the outputs of a 
tone volume “A” register 1514. The 4-bit output word 
of the AND gate 1512 oscillates between 0 and the 
contents of the tone volume “A” register 1514 at the 
frequency of the output of the tone generator A. 

Similarly, the output of the tone generator B is opera¬ 
tively connected to the inputs of 4 “AND” gates indi¬ 
cated at 1516 with the other 4 inputs operatively con¬ 
nected to the outputs of a 4-bit tone volume “B” register 
1518 and the output of the tone generator C operatively 
connected to the inputs of 4 “AND” gates 1520 with the 
other 4 inputs of the AND gates 1520 operatively con¬ 
nected to the outputs of a 4 bit tone volume “C” register 
1522. The four-bit output of each set of AND gates 
oscillates between 0 and the contents of the associated 
tone volume register. 

The output of the AND gates 1512 is operatively 
connected to a digital-analog converter 1524 whose 
output oscillates between ground and a positive analog 
voltage determined by the contents of the tone volume 
“A” register 1514 at a frequency determined by the tone 
generator A. Similarly, the output of the AND gates 
1516 are operatively connected to a digital-analog con¬ 
verter 1526 and the outputs of the AND gates 1520 are 
operatively connected to a digital-analog converter 
1528. 

A 4th tone generator comprises a set of gates indi¬ 
cated at 1530 which function as 4 AND gates which 
each have an input operatively connected to a line 1532 
which carries a bit from the noise generator 1496 (FIG. 
71B). The output of this bit of the noise generator 1496 
is a square wave having a constantly varying frequency. 
The input 1532 is ANDed with 4 volume bits on lines 
1534 from the noise volume register 1492 (FIG. 71B). 
The set of AND gates 1530 operate the same way as the 
AND gates for the tones A-C, except that a noise mod¬ 
ulation register 1536 (having address 15H which acti¬ 
vates register select line 1412) must contain a logical 1 
for the outputs of the AND gate 1530 to oscillate. 

The outputs of the AND gates 1530 are operatively 
connected to a digital-analog converter 1538. The ana¬ 
log outputs of the 4 D-A converters 1524, 1526, 1528 
and 1538 are summed to produce a single audio output, 
AUDIO. This output is transmitted to the RF modula¬ 
tor 58 (FIG. 2). 

The master oscillator is indicated generally at 1470 in 
FIG. 73 and comprises a programmable counter which 
can count up to FFH from the number presented at its 
program input. The programmable counter includes 8 
units 1542 a-h (with unit 1542a, typical of units 1542 a-g, 
shown in greater detail in FIG. 90 and unit 1542 h shown 
in greater detail in FIG. 91) and a PLA indicated gener¬ 
ally at 1544. The units 1542 a-h have inputs 4 and 5 for 
the clock signal <t> from the buffer 1681. The frequency, 
Fm, of the master oscillator 1470 is a function of the 
contents of the master oscillator register and the clock 
signal and is given by the following formula (in the 
absence of any modulation by the vibrato system 1480 
or noise system 1490): 


^ m (contents of Master Osc. Reg. 1472) + 1 

The master oscillator register is indicated generally at 
1472 and comprises 8 bits (with each bit circuit logically 
similar to that shown in FIG. 75), each having an input 
for the register select line 1407. The output of the mas¬ 
ter oscillator register 1472 is connected to the inputs of 
the 8-bit adder indicated at 1478 which comprises 8 bits 
1478a-6. (Bit 14786, typical of bits 1478a~g is shown in 
greater detail in FIG. 92 with bit 14786 shown in 
greater detail in FIG. 93.) The outputs of the adder are 
connected to the program inputs 1 of the master oscilla¬ 
tor 1470. 

The other inputs of the 8-bit adder 1478 are con¬ 
nected to the outputs of the multiplexer indicated gener¬ 
ally at 1474. The output of the 8 bit adder 1478 is the 
sum of the contents of the master oscillator register 
1472 and the output of the multiplexer 1474, which 
determines the frequency of which the master oscillator 
1470 oscillates. 

The multiplexer 1474 is shown in FIG. 73 to comprise 
a plurality of transistor switches 1546 and 1547. The 
gates of switches 1547 are connected by an inverter 
1548 to an input line 1550 with the gates of the switches 
1546 connected to the output of the inverter 1548 by an 
inverter 1549. The input line 1550 is connected to the 
output of the multiplexer register 1476 which is bit 4 of 
the output register having address 15H shown in FIG. 
73 (with bit 4 shown in greater detail in FIG. 75). 

The “AND” gates 1486 are shown to comprise a 
plurality of NOR gates indicated at 1486 whose inputs 
are connected to the 6 outputs of the bits 1488 a-f of the 
vibrato register 1488 (each bit being logically similar to 
that shown in FIG. 75). The vibrato register 1488 is the 
first 6 bits of the output register having the address 14H 
and the register select line 1411. The last 2 bits 1482a 
and b (also shown in greater detail in FIG. 75) comprise 
the vibrato frequency register 1482. The output of the 2 
bits 1482a and b are connected to the inputs of the low 
frequency oscillator indicated generally at 1484. 

The low frequency oscillator 1484 comprises a 4-to-l 
multiplexer in which the outputs from the vibrato fre¬ 
quency register 1482 are connected by a plurality of 
logic gates 1552 to the gates of four transistor switches 
1554 of the multiplexer. The inputs of the transistor 
switches 1554 are connected to the 4 most significant 
bits 155 6a-d of a counter comprising 13 bits 155 6a-m. 
(The bit 1556a, typical of the bits 1556a-/, is shown in 
greater detail in FIG. 83 with the bit 155 6m shown in 
greater detail in FIG. 85.) 

The output of the transistor switches 1554 are con¬ 
nected to one another and to the other inputs of the 
NOR gates 1486. The logic state of the bits of the vi¬ 
brato frequency register 1482 determine which of the 
outputs of the bits 1 556a-d are selected which deter¬ 
mines the frequency of oscillation of the output of the 
low frequency oscillator 1484. The value 00 of the bits 
of the vibrato frequency register correspond to the 
lowest frequency and the value 11 corresponds to the 
highest. When the output of the low frequency oscilla¬ 
tor 1484 is a logical 1, the NOR gates 1486 are each a 
logical 0, otherwise the contents of the vibrato fre¬ 
quency register 1482 are inverted and conducted to the 
multiplexer 1474. In this manner, the contents of the 
vibrato register 1488 are “ANDed” (negative logic) by 
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the NOR gates 1486 with the output of the low fre¬ 
quency oscillator 1484. 

The set of “AND*’ gates 1494 are shown to comprise 
a plurality of NOR gates indicated at 1494 in FIG. 73. 
The noise generator comprises a number generator and 
is indicated generally at 1496. The number generator 
comprises a 15-bit shift register 1558 (with each bit 
logically similar to that shown in FIG. 94) and an exclu- 
sive-OR gate indicated at 1560. The inputs of the NOR 
gates 1494 are connected to the outputs of the 8 most 
significant bits of the shift register 1558. The output of 
the two most significant bits are connected to the inputs 
of the exclusive-OR gate 1560 whose output is con¬ 
nected to the input of the least significant bit of the shift 
register 1558. The output of the 8 most significant bits of 
the shift register 1558 is a binary number that constantly 
changes with each clock signal to the shift register 1558. 
The other inputs of the NOR gates 1494 are connected 
to the outputs of noise volume register indicated at 1492 
(each bit being logically similar to that shown in FIG. 
75) and having an input connected to the register select 
line 1414. The shift register 1558 is clocked by a 4 bit 
counter 1559, having bits \SS9a-d and an input con¬ 
nected to the output of the buffer 1679 of the counter 
1678, which also provides the clock signal for counter 
1556 of the low frequency oscillator 1484. (The bit 
1559a is shown in greater detail in FIG. 85 with bit 
15596, typical of the bits 1559 b-d, shown in greater 
detail in FIG, 86.) 

If any particular bit of the noise volume register 1492 
is a logical 1, the output of the corresponding NOR gate 
of the NOR gates 1494 is a logical 0. Otherwise, the 
output of the corresponding NOR gate 1494 is the in¬ 
verse of the associated bit from the noise generator 
1496. In this manner, the output of the noise generator 
1496 is “ANDed” (negative logic) with the output of 
the 8 bits of the noise volume register 1492. The con¬ 
tents of the multiplexer register 1476 on line 1550 deter¬ 
mines whether the multiplexer 1474 conducts the out¬ 
put of the NOR gates 1486 from the vibrato system or 
the output of the NOR gates 1494 from the noise sys¬ 
tem, to be summed with the contents of the master 
oscillator register 1472 by the 8 bit adder 1478. 

The master oscillator 1470 further comprises a plural¬ 
ity of logic elements indicated at 1562 (which include 
gates 1564 and 1566 which are logically similar to the 
gates shown in FIG. 82 and a buffer 1568 shown in 
greater detail in FIG. 87) having an input connected to 
the output of the PLA 1544 of the master oscillator 
1470. The outputs of the buffer 1568 are connected to 
the clock inputs of the tone generators A, B and C, by 
the lines 1498. The tone generator “A” register 1506 
and the tone generator A are shown to comprise an 
8-unit circuit, which include a programmable counter, 
indicated at 1570 (with a unit 1570a, typical of the units 
of the circuit 1570, with the exception of the unit 15706, 
shown in greater detail in FIG. 95 and the unit 15706 
shown in greater detail in FIG. 96). The frequency of 
tone A is a function of the master oscillator frequency 
and the contents of the tone generator A register and is 
given by the following formula; 

Fa = - E™. - 

2(contents of tone gen. A reg 1506) 

The output line of the unit 1570a of the tone A circuit 
1570 is connected to the input of a toggle flip-flop 1572 
(shown in greater detail in FIG. 92) which has an output 
line 1574 which carries the output of the tone generator 
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A. The tone generator B register 1508 and tone genera¬ 
tor B as well as the tone generator C register 1510 and 
tone generator C are logically similar to the tone A 
circuit 1570 and toggle flip-flop 1572. The tone genera¬ 
tor B register and tone generator B are indicated gener¬ 
ally at the circuit 1576 and toggle flip-flop 1578 with the 
tone generator C register and tone generator C indi¬ 
cated generally at circuit 1580 and toggle flip-flop 1582. 

The output 1574 of the toggle flip-flop 1572 of the 
tone generator A is connected to an input of a PLA 
1584 which also has inputs connected to the outputs of 
the tone volume "A” register 1514 (which are the four 
lower bits of the output register having address 16H and 
register select line 1414 with a bit shown in greater 
detail in FIG. 75). The PLA 1584 has a plurality of 
output lines which are connected to a resistor network 
1586, the outputs of which are connected to a single 
output line 1588 which carries the analog signal AU¬ 
DIO. 

The PLA 1584 includes a plurality of pull-down tran¬ 
sistors 1590 which couple each of the output lines of the 
PLA 1584 to the line 1574 which carries the output of 
the tone generator A. Thus, the output lines of the PLA 
1584 all go to a logical 0 when the line 1574 goes to a 
logical 1 whereby the output of the PLA 1584 oscillates 
at the same frequency as the output of the tone genera¬ 
tor A. The remaining portion of the PLA 1592 decodes 
the output of the tone A volume register 1514 to selec¬ 
tively activate one of the output lines of the PLA 1584 
(when the line 1574 from the tone generator A register 
is low). The resistor network 1586 produces an analog 
voltage in dependence upon the particular output line of 
the PLA 1584 activated. 

Since the output of the PLA 1584 goes low each time 
the line 1574 goes low, the output of the tone A volume 
register 1514 is in a sense, ANDed with the output of 
the tone A generator. Thus the “AND"’ gates 1512 
comprise the pull-down transistors 1590. The D-A con¬ 
verter 1524 (FIG. 71C) comprises the PLA 1584 and 
resistor network 1586. 

The output of the tone generators B and C are con¬ 
nected in a similar manner to PLAs 1594 and 1596, 
respectively. The outputs of each bit of the tone volume 
B register 1518 (with each bit shown in greater detail in 
FIG. 75) are connected to the inputs of the PLA 1594. 
The outputs of the tone volume C register 1522 (with 
each bit also shown in greater detail in FIG. 75) are 
connected to the inputs of the PLA 1596. The outputs 
of the PLA 1596 and the PLA 1586 are connected to 
the inputs of the resistor network 1586. 

The output of the most significant bit of the shift 
register 1558 of the noise generator 1496 is connected to 
the input of a NOR gate 1598 whose output is con¬ 
nected by an inverter 1600 to a PLA 1602. The other 
input of the NOR gate 1598 is connected to the noise 
modulation register 1536 which is the most significant 
bit (shown in greater detail in (FIG. 75) of the output 
register having address 15H and register select line 
1412. The PLA 1602 has inputs connected to the output 
of the 4 most significant bits of the noise volume register 
1492 and the output of the PLA 1602 is also connected 
to the resistor network 1586. The set of “AND” gates 
1530 comprise the plurality of pull-down transistors 
1604 of the PLA 1602 with the digital-analog converter 
1538 comprising the remainder of the PLA 1602 and 
resistor network 1586 in a manner similar to the tone 
generators. The resistor network 1586 has a common 
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summing point 1540 which is connected to the output A “flow chart” for the power up sequence is given 
line 1588 which carries the analog signal AUDIO. In below in Table IV: 


this manner, the AUDIO signal is the sum of the tones 
A, B and C, generated by the tone generators A, B and 
C (at their respective volumes), and the noise generator 
(at its respective volume). 

The LDL1 and LDH1 signals for the microcycle 
decoder 1402 are generated by a generator indicated 
generally at 1690. The generator has inputs for the 
clock signals 4> and <J> and the CPU control signal 
IORQ and outputs 1692 and 1694 for the signals LDL1 
and LDH 1 , respectively. The generator comprises 
gates 1696 and 1698 (each of which is logically similar 
to the gate shown in FIG. 82) and NOR gate 1700 and 
1702. The address bits A0-A7 are latched up in the 
microcycle decoder 1402 on the signal LDL1 with the 
address bits A8-A10 latched on the signal LDH1, just 
as for the address and data chips. 

The video processor allows the easy manipulation of 
pixel data to be written to the display RAM. With one 
memory write instruction, pixel data can be taken from 
the CPU, modified by the video processor and sent to 
the display RAM. The modifications include expand¬ 
ing, shifting or rotating, flopping, and ORing or exclu- 
sive-ORing the pixel data. This allows a greater amount 
of data to be handled in a given time which in turn 
allows greater complexity in the games and computer 
functions to be performed. 

Furthermore, although only 2 bits of memory space 
in the display RAM are used to define a pixel on the 
display screen, the present system allows the associated 
pixel to be presented in one of 32 colors and one of eight 
different intensities. Color registers of a greater capac¬ 
ity than 8 bits would provide an even larger selection of 
colors and intensities. 

The colors and intensities of the entire or portions of 
the screen may be changed with one instruction without 
changing the contents of the display RAM by changing 
the horizontal color boundary. The colors and intensi¬ 
ties may also be changed by changing the data in the 
color registers. The screen interrupt is programmable to 
allow these registers to be changed after any particular 
scan line so that 256 color/intensity combinations may 
be on the screen at one time in any one field of the raster 
scan. 


_ TABLE IV _ 

5 POWER UP SEQUENCE 
Disable interrupts 

Set CONSUMER/COMMERCIAL port to CONSUMER 
IF Address 2000H = C3H 

Jump to address 2000H 

ENDIF 

Clear all system RAM 
Clear shifter 

Set timeout count to max 
Clear music ports 
Set vertical blank 
Set interrupt mode 
Set horizontal color boundary 
I ^ Set color ports 

Activate system interrupt routine 
IF Address 2000H = 55H 

Menu Inx*—Cassette menu 

ELSE 

Menu Inx«—On board menu 

20 ENDIF 

Call system menu routine 


A flow chart describing the sequence performed to 
allow the user to select a game from the “menu” is set 
25 out in Table V below: 

_ TABLE V _ 

_SYSTEM MENU ROUTINE _ 

Clear Screen 
30 Paint Banner 

Display ‘SELECT GAME' on banner 
Line number <— 1 

Display line: Display line number at screen (character 1, 
line number) 

Display *-* at screen (character 2, 

35 line number) 

Display title (menu inx) at screen (character 3, 
line number) 

Line number <— line number-f 1 
Menu inx <— menu inx-f 1 
IF title (menu inx) ^ zero 
jn Go to display line 

ENDIF 

Wait: Call system get number routine 

IF number — 0 or number ^ line number 
Display T at screen (character 1, line 11) 

Go to wait 
ENDIF 

*** Go to game (number) 


The music processor is fully digital and adapted to 
produce a variety of sounds including melodies and 
noises by loading a plurality of registers. The tones 
produced can be modulated to produce a vibrato effect 50 
or can be modulated by noise. 

Since the cassette ROM is removable and replace¬ 
able, the programming of the system is easily modified 
to allow the particular game or function performed to 
also be changed. 55 

The system has a basic program the listing for which 
is set out in Appendix A. Each game or function has a 
separate program (with the program listing for repre¬ 
sentative games, “Gunfight” set out in Appendix B). 
Each game or function can utilize the basic program 60 
routines which include routines for creating screen 
images including initialization, character display, co¬ 
ordinate conversion and object vectoring. Other rou¬ 
tines decrement timers, play music and produce sounds. 
There are routines to read the keypad and control han- 65 
dies and input game selections and options. There are 
also math routines for manipulating floating binary 
coded decimal (BCD) numbers. 


Finally, a flow chart outlining the program for the 
“Gunfight” game is set out in Table VI: 

_TABLE VI_ 

Get Max. Score 
Clear Ram 

Set vertical blank, horz. color boundary, 
interrupt mode 
Set colors 

Play Streets of Laredo 
STRND: Start round 

Init Bullets and timers 
Set up screen 
Display scores 
Display “Get Ready” 

Put up proper number of Cacti, Trees & Wagon 

Set up vectors so cowboys walk out 

Start interrupts 

Pause until cowboys walk out 

Erase “Get Ready” 

LOOP: Call sentry (check for a change of input) 

Call DOIT 
If bullet hit anything 

kill object and set death flag if cowboy killed 
Go to LOOP 
DOIT: 
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If time up for round 
Exit 

Go to STRND 

Else 

If Death Flag SET 
Exit 

Go to STRND 

Else 

If Player 1 or Player 2 Pot moved 
Update new arm angle 

Else 

If Player l or Player 2 Joystick moved 
Update new velocity 

Else 

If key depressed 

Coffee break 

Else 

If Player 1 or Player 2 trigger pulled 
Fire Bullet 

Else 

If 1 second has elapsed 
Update new time 
ENDIF 

Exit 

Interrupt Routine: 

Bump all time bases 
Erase all active bullets 
Vector bullets 

Write bullets to new location 
Set each bullets hit flag if it 
hit something 

Erase next object in write QUEUE 


5 It should be noted that the computer or processor 
may form a part of the video processor and/or a part of 
the music processor so that the video processor and/or 
music processor may stand alone, with only minimal 
instructions from a central processor. This likewise may 
10 be employed for input/output processors. Thus, the 
term “computer” as used herein, together with its asso¬ 
ciated hardware, may be in the video, music and/or 
input/output processors. The so-called intelligence of 
the system may thus be split or divided between the 
15 individual processors and the central processor. 

It will, of course, be understood that modifications of 
the present invention, in its various aspects, will be 
apparent to those skilled in the art, some being apparent 
only after study, and others being matters of routine 
20 electronic and logic design. As such, the scope of the 
invention should not be limited by the particular em¬ 
bodiment and specific construction herein described, 
but should be defined only by the appended claims, and 
equivalents thereof. 

25 Various features of the invention are set forth in the 
following claims. 
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'<26 

DFife 

IFR, m:, !Ff:. *FD, »fc> IFF 

321 


itfb *fh 

322' 


*FR t; 8 

323 


i*F6 cn: 

324 


i£FB IFD 

325 


l*5R IFF 

326 


DFFR m 

32? 


F.NUM 

326 

DfcF8 

NftCR m> IC& IGC, IGi), IGF, IGF, Ilia, I0H 

329 


DFFR tffi 

338 


DFFR m 

331 


DFFR m 

332 


mb IQ) 

333 


DFFR Kb. 

334 


DFFR l(* 

335 


dffr m 

336 


DFFR CGH 

33/ 


FMDM 

338 

. HttFUS 10 r.OHHJrjK ttHSTIiMT MM-FN film SSI 

339 

XYkHI 

IMP «R,«X,eS‘ ;KHHT)Vt l(M> 

346 


l !» CP. . PFS. (SY). SHI . 8+CSX1 

341 


Mil'll 

342 

- HftVd Id dlM-VH'll SV'-.11H (Ml 

343 : 

SVSIFM NHi F 

344 


PM >. 

345 


14 fh tin mi 

346 


IF HIH18H Id 1MIH. 

34/ i 

\H\W 

14 FI 1 

348 


FM'IF 

349 


FW41 

350 

; MflfKd id WNFkHlF SVS'IFN (HI HUH SUCK dpi] 


:<52 


SVSttJK MX eiJHKfl 
KSI 
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leece 


353 

354 

355 

356 
35/ 

358 

359 
'368 
361 
36,? 

363 

364 

365 

366 

367 

368 

369 
378 
'371 
37? 

373 

374 

375 

376 

377 

378 


DEFB fit188+1 
IF EUMHH 10 INTff- 

imp? mi 1 

FND1F 

WDM 

i HRCktiS 10 (iFNFkRIt MNlttJ 1NS1RUCUCH Cftl 

; Fill SCktFN HUH CONST IKY 1)81 ft 
HU..? Mrt* tSIftn.fNBYYt.RfPHill 
DEFB Fill>1 
DFFH ISlftkl 
l)FFH HMSVTFS 
DEFB «0818 
ENDM 

; EXIT INTERFRFTFR HUH CONTEXT RFSlOkE 
EXIT MFlCR 

DtFB XINYC 
INTP0 DEFT 0 

E.NDti 

iINTFMKFl Mi lH INI INF SUCK 
do mx tCID 

DtFB IClD+1 
FNDM 

; imtkmi HllHCUT INLINE! TUCK 
DONT MHCk SLID 

DtFB ICID 
FNDM 


379 ;M8CR0 Cftl I FRC*M IXUT TfiBU 
388 F.ND EQU OCOH 

381 MC MfCk #R. #R, 81 

38? DtFB 88+80H 

383 DEEM #B 

384 IF Btf. 

385 DtFB tUffi! 

386 LND1F 

387 FNDM 

388 j Rt.FI. (MJ FROM DOIT TABLE 

389 RC MHCk FR, 8B, ft 

398 DtFB fftMOH 

391 DFFH 8t: 


39? 

393 

'394 

395 

396 

397 

398 
:<99 


IF 881! 

DtFB 0#t 

FNDIF 

FNDM 

;RFHl JUMP tkOM 1X1)1 IBM>. 
,1MP hrt k *tl 8t:< #t. 

DtFB *8 
DEEM ft: 


488 It 0«t 

4M W FB Ofl 

40? INDIt 


483 I HI +1 


404 

405 

406 

487 

488 

489 
418 
411 


;DISHHV H MfINt. 

TEXT ht#V fH.tb.fi -fD 
DtFB SikDISH 

DtFB «B 
DtFB ec 
DtFB *D 
DFFH t8 
FNDM 
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85 


413 

m m « ■ * «- 

I IfflfTTfWftW 

414 

j MUSIC MRCkUS 

415 

i NOTt DOkHl 10N,FH«(S) 

416 

N0IP1 

MHCK #01*6 tH) 

417 


DPFB tDURlTPH 

418 


DPPB tttt 

41S 


E.NDM 

428 

N0TF.2 

HPlCR #0816 fltb #H2 

421 


DPFB fOUWtTFH 

422 


DPFB tW. 

423 


DPFB #K? 

424 


PNOM 

425 

N0TF3 

M8CR #0816 tf«, #N2, «M3 

426 


DPFB tOOk 

42? 


DPFB m 

428 


DPPB CN2 

429 


OFPB SNB 

438 


PNDM 

431 

NOTH 

1*18 tlXlk, m., #N2, #N3, SH4 

432 


DPPB tfXJR 

433 


DtFB #W. 

434 


DEPB #H2 

435 


DPPB IN3 

436 


DPPB #N4 

43? 


PNDM 

438 

M01F5 

WCK #I)U6 SW, #H7, #166 «N4, #N5 

439 


DPPB tWK 

448 


DPPB #Pb 

441 


DPPB #N? 

442 


DPFB #N3 

443 


DPPB #N4 

444 


DPFB #N5 

445 


PPDM 

44C 

MRSTFk 

1*18 fOPPSPl 

447 


DPPB B8H 

448 


DPPB fOPPSPl 

449 


PNDM 

458 

j Slll-F OUTPUT P0klf,D8lH 08 

451 

i OUTHH SNDUX, DHl Hi 8, M1..... D81 HI 7 

45? 

ttriHH 

mm #Kiki ^ m, ei>i, tx>?> m, m> m, m 

453 


IF . NCO. (tHWMW) 

454 


WFH WH*< MIAMI-H) 

455 


dff& ti# 

456 


FND1F 

457 


If IKfcMttl 

458 


i*fh m 

459 


dffh ei>A m, «*, m, m>, tw# m 

468 


mm 

461 


F.NDH 

462 

; SP1 VOICt BV1P 

463 

; TH. 

K8M81 OP Irt VOld BVTP IS 

464 

; *l*B*l*B*I*C*V*tl* 

465 

i UMkH H - l.QBD NdlSfr HUH 1)818 8T PC 8ND INf: PC 

466 

i V * 

1(H) VIBkftTO 8ND INC PC 

46? 

i 1 = 

INC PC 

468 

; 8»B,C " 1081) lrt* R,B,C MlTH 1*88 81 PC 

469 

V0IC1S 

MM *MSK 

478 


DtFB m 

471 


DtFB £WNSK 
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472 FNDH 

47]E ; PUSH Nt.MBFk (WO STOCK 

474 PUSHN HftCR MJHB 

47b DtFB BHf4f*((fNUFfH). HND. t*H> 

476 FNDH 

477 i SET VaUMFS 

478 va unt Ftc* m, etc 

479 DEFB 888H 

488 DEFB tBR 

481. DEFB EMC: 

482 fndh 

483 ; Cfllj L. KtlHl lVt B-1.5 BEYOND SElf+1. 

484 CM-L NfiCR fHV 

485 DtFB 6DWtK8BY. AND. 0FH) 

486 FNDFI 

487 j DEC STUCK TOP FM> ,1N7 

488 DSJN2 UFO* tm 

489 DEFB 6C0H 

490 DFFH *M0 

491 FNDM 

492 j FLIP IF(4)10 STFlCHTO 

493 LFGS1H hftCR 

494 DEFB 8E0H 

495 fndh 

496 kfSl MOCK til Ft 

49? DEFB 6E1.H 

498 DEFB tlTNF 

499 tNDM 

508 QUIET MflCR 

581. DEFB OFBH 

562 FNDM 



50? 

i 



5W 

i 

* HUS10 

F WIRTFS * 


565 

j 

♦♦♦****#*♦#*♦♦*** 


508 

i 

N01F VH< UFS 

ym\> 

587 

m 

FWJ 

25;< 

ymi 

508 

tm 

FWI 

2!<8 

>88F1 

LOO 

JUj 

to 

fwi 

21* 

Mv1 

519 

RS8 

fwi 

712 


511 

m 

m 

:w 


517 

Ci 

ym 

m 

\£j£jL >'t 

/Wt'f 

5i :< 

OS 1 

m\ 

178 

>00h}; 

5.14 

l>.1 

MAI 

m 

>0ir.t 

515 

Ml 

MAI 

159 

m 

518 

hi 

m 

158 

mo 

517 

FI 

FWI 

141 

>0085 

518 

FS1 

FWJ 

i:<;< 

>007f 

519 

01 

FWI 

m 

>0077 

528 

GS1 

FWJ 

119 

>0070 

525 

W 

FWI 

112 

MiA 

522 

RSI 

m 

106 

>0064 

s£< 

81 

m 

188 

>005F 

524 

02 

m 

94 

>0059 

525 

CS2 

FWI 

89 

>0054 

528 

D2 

FWI 

84 

>004f 

527 

M2 

FWI 

"79 

>0048 

528 

F2 

FWI 

74 

>0046 

529 

f 2 

FWI 

n 

>0042 

5:<e 

FS2 

FWI 

66 
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90 


>883F ' 

531 re 

FQU 6? ' 

>8838 

53? GS2 

F QU 59 

>803? 

533 82 

FQU 55 

>8034 

534 RS? 

FQU 5? 

>8031 

535 B? 

FQU 49 

>802F 

536 C3 

FQU 46 

>802C 

537 C$3 

FQU 44 

>8829 

538 D3 

FQU 41 

>00?? 

539 D$3 

EQU 39 

>80?5 

548 F.3 

F QU 3 7 

>00?? 

541 F3 

FQU 34 

>80?8 

54? FS3 

F QU 32 

>0011 

543 G3 

FQU 31 

>8810 

544 G$3 

FQU 29 

>8016 

545 H3 

FQU 2? 

>8010 

546 853 

FQU 26 

>8018 

54 ? R3 

FQU 24 

>801? 

548 C4 

E QU 23 

>8015 

549 CS4 

EQU a 

>8014 

558 D4 

FQU 16 

>8013 

551 D54 

FQU 19 

>801? 

55? F.4 

FQU 18 

>001! 

553 F4 

FQU 17 

>8018 

554 FS4 

FQU 16 


55S (54 

FQU 15 

✓WIT 

556 6S4 

FQU 14 

>8881) 

55? 84 

FQU 13 

\rvw . 

558 ( 5 

EQU 11 

Twin 

559 C55 

FQU 18 

Twtt? 

568 D55 

FQU 9 

>8888 

561 F5 

FQU 8 

-ft? 

Twt>r 

56? G5 

FQU 7 


563 85 

F QU 6 

><*** 

564 C6 

EQU 5 

>eew 

565 l)S6 

FQU 4 


566 06 

FQU 3 


56 ? C ? 

E QU 2 

wn 

568 07 

FQU 1 


569 00 FQU 8 

570 ; f#|5Ilk (ISC1I Hl'f*f WFSF1S 

>Hen 

5?1 (Mi 

fun ;m 

XOH 

5'?;' (to 

FQU 741 

MfW, 

5?3 (Ol 

FQU 214 

VW|| 

/wn 

5?4 Ofl 

FQU 191 

>»H 

5?b 0F1 

FQU 188 

TDtm 

576 «il 

FQU 168 

VAAfjl' 

TtJWf 

57? 081 

FQU 143 

*04/ 

578 w e 

FQU 71 

w< 

579 083 

FQU 35 

>0011 

588 084 

FQU 17 

✓uWo 

581 085 FQU 8 

503 ; WWWWMWWWWWWWWWW 

584 ; * 5VS1FM MHF (Mil MFh(*Y CFII5 * 


565 j ******************* **♦***+♦♦*♦*** 

>*FF 566 UMNfl. EQU 8FFFH 

XfW 56? NRSIFk FQU UklNFt i ** 1.0(1 HHKPS UFF*I HH> HHWFSWt IHO « 

SOO 

Jw / 

589 ; THF Hit OWING (K(i 9*111) F t 91 10 THF VRMJF Of 
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92 


» 


91 



598 

; 1HK IRC> 'SYSROH' 

. THIS Hill CHUSP: S’/SIPH ROM 


»f 

; TO ktSIRP HI 1T€ 

HIGHEST KiSSIUP HRDktSS 


592 

• 

t 



593 

OKG 4FC0H 


4FC8 

594 

DEFS 6 

; an SOME. LEFT STILL 

*fcf: 

595 

L4-GR0M roll * 



5% 

; USPD BY MUSIC PMCPSSOR 

4FCE 

597 

HUTU: DtPS ? 

i MUSIC PROGROM COUNTER 

4FD8 

598 

MU7SP: REPS 2 

; MUSIC STOCK KHMER 

4Fl>2 

599 

PVOIOR: WPS 1 

; PRESET VOLWi FOk TONES R FIND B 

4FD3 

688 

PVOLMC: OHS 1 

i PRESET VOLUME. POk MflSTPR OSC PM) 

4FD4 

681 

VOICES: WPS 1 

j MUSIC VOICES 


682 

i COUNTER TIMERS (USED W DECCTS, 0CT1NT, OTHER) 

4FD5 

m 

CIO: WPS 1 

; COUNTER TIMER 0 

4FD6 

684 

CTi: DtPS 1 

; 1 

4FD7 

685 

02: DtPS 1 

; 2 

4FD6 

686 

C1K: DtPS 1 

i * 

Am 

687 

04: WPS i 

; 4 

Am 

688 

CIS: WPS 1 

; 5 

<m 

609 

Of.: DtPS i 

; 6 

4FDC 

619 

07: WPS 1 

; 7 


651 

; USPI> BY SPNlkV 

to TkfiCK can whs 

4RH) 

652 

am : WPS 1 

;counter upi*tlm.ii«r trucking 

4FF*: 

653 

SPH14S: WPS 1 

; PLRG BITS 

4FDf 

614 

OKiTO: WPS 1 

; KIT 0 1 ROCKING 

4FE0 

645 

OWill: WPS 1 

; POT 1 TRUCKING 

4FF1 

646 

OKU2: WPS 1 

; KIT 2 I ROCKING 

4FE? 

647 

WOT*: WPS 1 

■, pen :< TkocKiNCi 

4Ff:< 

618 

KPYSPX: Dt P S 1 

i KEYBOORD 1 POCKING BYTE 

4FE4 

619 

OSHB : WPS 1 

; SNITCH e TRUCKING 

4FF5 

628 

(iSttl- WPS 1 

; SWITCH 1 TRUCKING 

4FF6 

624 

0SH2: WPS 1 

; SWITCH ? TRUCKING 

4FE7 

622 

OSN*: DP PS 1 

; SNITCH K 1 ROCKING 

4Ffc8 

623 

at L SI : WPS ? 

i COLOR L IST ODDRLSS POR P. B. UNO 


624 

; USPD Ptf STIHPR 


4FFR 

625 

WMTT: WPS i 

i HOTP WRHUT10N 

4FKF* 

626 

TPCfM WPS 1 

; SIXI nos OP stc 

4FK 

627 

T1M0UT: DLPS 1 

; HLRKUUT llMPR 

4FH> 

628 

CiTSPCS: WPS 1 

; GOITP 1 IMP SHOW* 

4FFK 

629 

WHINS: DIPS 1 

; fifflp IT HP Ml WIT PS 


638 

; USPD BY HP NO 


4FFF 

634 

kONSH'l : DI PS 4 

; RONDCM NlHftK SHIPT REGISTER 

4FF2 

632 

NUPIK.Y: DtPS 5 

i NUMHP.R OP H I M RS 

4FF4 

633 

PM*SCR: WPS :< 

; SCOPE TO 'H HY ICC 

4FF7 

634 

PM UK DPPS 1 

; HOCiIC REGISTER 1 UK IHIT HOG 

4FF8 

63S 

itRPi'.lk WPS 1 

; (iHIIP SIRUP. UVlP 

4FF^ 

636 

PKIOP: WPS 1 

, HOSIP PRUIPtT H Hi 

4FFH 

63/ 

SPIJH0 WPS 1 

, SPHlRY UHNROI SP ) HIKP HOG 

4FR! 

638 

(tlUktil : WPS 7 


4FFD 

639 

USPK1PT: WPS ? 


MFCF 

640 

SYSkRH POU <SOOOH-(*-HH*flM+l)) 


642 

L1SI S 



642 

; ********** 



644 

i ♦ HVCiSVS ♦ 



645 

; »»**♦♦♦**♦ 



646 

; ** MODIFIED TO Cdkkto CMCULHTOR HJG f#» HSTER1SK 


647 

; ** «4) 1NCSCR OND Cl.RNUM WJCiS 
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93 


/two 

649 

PFUG 

m 

00H 

• 

t 

POT FUDGE FACTOR 

H7DE 

6W 

GF ST k 1 

fcflU 

17DPH 

• 

I 

a« FIGHT S'lHP'l ADDRESS 

>1328 

651 

cmstri 

m\ 

yjm 

i 

CHECKMATE SI (FI ADDRESS 

H026 

652 

CflLCST 

FQU 

1028H 

■* 

i 

CflLCUlftlOR START ADDRESS 

ms 

65* 

SCPST: 

m 

0E19H 

i 

SCRIP81.1NG STHk’l FfcORESS 


QUMA QOk 
owl W 

mi F3 
8602 ff 

eeec< 0308 

600b (36.1.0C 


655 

t 


656 

■, * poner if resifrt * 

657 

§ ’I" T T T l^TTTTTV 

658 

ORG 

8 

659 

NOP 


66 B 

DI 


661 

XOR 

A 

66 ? 

OUT 

(CONCH), ft 

663 

JP 

PHRUP 


i Hflll FOR THINGS TO Still t DOWN 

i *** SET COWSHMFR MODE *** 


£65 0R6 8 

666 ; TRANSFER CONTkCI TO RESTfiRl HftfM.TR 


0008 C30720 

667 

JP 2087H 

; VECTOk OUT 

0008 1C 

669 

NUMPflS: DEPP 1CH 


000C 3C 

678 

DEFP 3CH 


0001) 1C 

671 

DEFP 1CH 


000E ?8 

672 

DEFP 26H 



674 

ORG 16 


0018 c:<8ft?e 

675 

JP 2ft@HH 

i RFSTRR1 2 

001< 06 

676 

MFNUd: DEPP 86U 

i MENU COLORS 

0011 F8 

67 7 

IfFP 8FPH 


0015 07 

678 

DFFP 87H 


0616 5? 

679 

DFFP 52K 



681 

ORG 24 


0W.8 (30020 

682 

JP 2O0DH 

; RESTART 3 


684 

; NAME: PftUSt 



685 

i PURPOSE: HHtl « OF 

1NTFRRIFTS 


686 

i 1NFUT: P * t OE INTERRUPTS 

8018 F8 

687 

HPAUSE: El 


0010 76 

688 

HUT 


0011) IffD 

689 

DJN? -1 


001F C9 

69ft 

KET 



69? 

ORG 32 


0020 (31020 

693 

jp mm 

i RFSlftRT 4 


695 

i Nfttt: SET HORD 



696 

; <HL)=OE 


0023 73 

697 

HSF.TH: I D <H >,E 


0024 23 

690 

INC HL 


8025 72 

699 

ID (Fi>,0 


0026 C9 

788 

RET 



782 

(JRG 40 


0028 (31320 

783 

JP 2013H 

; RESTfRT 5 

0028 216000 

705 

C0NC2: ID HL0 

; ZERO OUT Ft. 

002E C9 

786 

RET 



788 

ORG 48 


0038 (31620 

789 

JP 2016H 

; RESTART 6 

0033 06 

711. 

CK5UW: DEFP 8 

; CHECKSUM 
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ee34 tm 

00% 01 


713 

714 

716 

717 

718 
713 
728 

m 

72? 

723 

724 

725 

726 

727 

728 
713 
738 
731 
73? 

733 

734 

735 

736 

737 

738 

739 

740 


95 

ITRfC DfFN hfil'TIN 
DFF8 1 


4 , 301,503 

; imtkkUM IkRNSFFR 
; ** SYSTEM kLVISION 


96 


(Mi 

NRHF: 

PURPOSE.: 

INPUT: 


56 


(Jin MU: 
SlflCK USF : 


UStR PROCiRfM INIFKFRtt: 

TkflNSFFR (if CONIkOl FkOM USER Id SVSTFH 
ROUTINE * FttIC«S INLINE fl-ltk kSl INS'lM 
IF 1.0. BIT SET, I OH) IMiUEENIS INLINE FUI OWING COLL 
NONE 

18 BYTES 10TM.I 16 BYTES OH EXIT 
SI Of EFFECTS: REGISTERS HE,RC,OF,HI, IX, RNI) 01.0 IV SRVFO 
FXPLH1NR1 ION: 

REGISTERS HE, Ft, OF, HI, IX, UNO PREVIOUS IV HRF PUSHED 
THE NUMBER FOU OWING THE kSl 56 INS'lkUCI ION IS USED 10 
INOfX H JIHIP VECTOR (.IV)NT. TIE S I HR I Mi RDDRESS (E THE 
SYSTEM ROUTINE 10 CHI. IF OPTIONED, HI INF ElRGUMENlS 
HRF COPIED INTO THE CONTEXT HEIM FOR Hkl.I.W NT (MERINO 
SEE lNIFkPkFlFk DOCUMNlRTlON HID HPPkOP. IRBIES 
H OUflY PPIdPH IS INSERTED WHICH WHEN kF.ll.kNFO 10 HV THE 
SVSlFM Mini HE, Hilt kFMOkP IHF kFOlSIFk CONTFNIS RND 
ktiikN id IHF user PkOtiMm 

*** IHF UP1 HRS BEEN EMENDED 10 SUPPOkl USER SUM I FI) 

ROUTINES. IF IE* CH I. INDEX PROVIDED IS EEORDVE: 

THEN IHF lFEES DISPR1CH THREE POINTER (USfRTB) IS USFO. 

NOTE lHfif THE SIGN M l ISN'l /REPEL) BEJ-OkF BEING 
USED EES FW INDEX, 1HJS HERNS I HO T IHF USEkS DISPATCH 
1RKF. P0IN1FR SHOUT) POINT 128 BVIFS BEFORE IHt FlkST FlllkV. 


0038 E3 

741 


FX 

(SP),HL 

i 

kfclUkN MDKF5S 10 HL 

0039 F5 

7A2 


PUSH HP 

« 

CRFHlfc C0N1HXT 

8030 (5 

TAJ 


KISH FC 



083f: 05 

7AA 


HUSH 1* 



003C 00E5 

745 


HUSH IX 



003F: FOFh 

746 


HUSH IV 



0040 FD210O00 

747 


LD 

IV, 8 

i 

P0IWT1 IV BT.CONlf XT 

0844 FD39 

748 


HDD 

IV, SH 



0846 7E 

749 


ID 

fKHL.) 

• 

LOH> OPCODE 

0047 23 

750 


INC 

HI 



0848 11 TETRI' 

751 


LD 

DF, RtlN 

i 

1* * mm HO) NT 

004B IF 

7® 


RRH 


■ 

t 

SICK HHMYIrD? 

004C 3836 

753 


Jk 

C, M1NT0-I 

« 

t 

JUMP IF VF.S 

004F F5 

754 

WIPE: 

HUSH HI.. 

« 

t 

SHVL PC 

004F 05 

755 


PUSH DF 

« 

, 

shve dltov mm 

0050 21C800 

756 


LD 

HL, SVSDP1 



0053 07 

757 


RLCH 




0054 5F 

758 


LD 

bfi 



0055 1600 

759 


LD 

D,8 



W57 17 

768 


kLft 


• 

/ 

USHR TABLE. HRNTED? 

0058 3063 

76J 


JR 

NC,PUSKi-$ 



8050 2HF04F 

76? 


LD 

HU (USERTB) 

« 

, 

VES - LORD IT 

0050 19 

70 

PUSH!: 

HDD 

HL, DP 



005F: 5F 

764 


ID 

b (HL) 



005E 23 

765 


INC 

HL 



0060 56 

766 


LD 

D, (HI.) 



0061 05 

767 


KJSH Dir 



0062 FD660R 

768 


LD 

H, (IY+CEW) 



0065 FD6FOO 

769 


ID 

L (1Y+CBL) 



0068 F05683 

m 

ktl.D: 

ID 

1), (1Y+CR1XH) 



006P F05F62 

771 


ID 

F, (1Y+CB1XI) 
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98 


806E: D5 

77? 

PUSH DE 

806E DDE! 

773 

Kf 

IX 

8871 ED7F89 

774 

ID 

A, (1Y+CBA) 

8074 ED5685 

'775 

DELOAD: ID 

D, (1Y+CBD) 

0077 EDS 84 

776 

ID 

Ei (1Y+CBE) 

807A C9 

777 

RET 

# CELL VIA RETURN 


779 

. yu4, . 

> IV* lr , 

MACRO INTERPRETER 


780 

i PlfcKfrt: 

lNIFRPRETINCi SFMINCES Cf ' 


781 i 1NH/1: 

78? ; STUCK USF 


ADDRESS If STkIHti Til INTERPRET PASSD UN STOCK 
NO INUfHFfc IN DEPTH 


783 ; EXPIAlNftTlMI: IF OPT ICMP (HIT 0 OF M L INDEX SET) 1HF 

784 i ffGUMENT TABLE (MRHRGT) IS lMfXFD GIVING H MASK WHICH 

785 ; SPECIFIES NOW 10 TRANSFER 1NUNF ARGUMENTS INTO THt CMffFXl 

786 ; KICK. 1H1S MASK IS FORMATED AS FULL OHS: 

787 ; 

788 ; 

789 ; ********************************* 

7SG ;*?*6*S*4*3*2*i*0* 

791 i ********************************* 

792 ;*H*L*R*IX*B*C*D*E. * 

793 ; 

784 i ARGUMENTS NLC.T FOLLCM THt CHI INDEX IN THE Fttl.GHING CfDER 

786 ; (MUTING UNUSED ARGUMENTS, OE COURSE) 

796 i (IHfX), 1X1, 1XH, t,D,C,El, A, L,H 

787 ; 

788 i 1HE SIMULATED K: IS SAVFD AND R DUMMY RETURN IS 

799 i INSFRTED ON I HE STACK THE HPI DISPATCHING ROUTINE IS 

886 ; THEN ENTERED HT 'INTPt.', WHICH EFFECTS H (.UNTKt TRANSFER 

801 i TO THE! CM LEI) ROUTINE. WHEN THE CALLED ROUTINE kf TURNS 

802 i IT NHL COME LACK HERE: TO INltkPRtl THE NEXT MACRO INSTRUCTION 

803 i NOTE. THfLl THIS ROUTINE IS REENTRANT, THtktKfE THE CALLED 

804 i ROUTINE HHV RECUR LACK THRU HERE, IF IT FEELS l IKE IT. 

805 ; ** THE UPI HAS BEEN EXTENDED TO SLI'KjRT USER PROVIDED 

806 ; SYSTEM RMHINES. IF H NEGATIVE CALI INDEX IS ENCOUNTERED 

807 ; BY THE: INTERPRETER, END 'SUCK MINE' IS OPTIONED, THt 

808 ; USER MACRO ROUTINE ARGUMENT TABLE IS INDEXED EOR A 

809 ; PARAMETER MASK TEtf ADDRESS OF THIS TABLE IS ASSUMED 

818 ; TO HE: IN (UHARGT), (UMHRGT+l). THIS FAINTER SHOULD 

811 j POINT 64 BYTES BEFORE. THE FIRST REAL ENTRY. 


81? ; 1. E. ID HLjUSERMT-64 ; WHERE USERKI POINTS AT FIRST ENTRY 

813 ; ID (UMfffiT), HI 

8078 M 814 MINTK2 Kf DE ; DISCARD DUtlY RETURN EROH 111 

007C 815 RENTtk: 

887C El 816 POP HL ; Kf LIE K 


807D 7E 
887F 23 
00?F (ATE 
8081 11 n 88 
BOO'! 16 
HOBS 7E 


818 ; NAME: MCAIJ 

819 ; KJRKiSF: 

820 ; INPUT: 

H21 ; NOTES: 

822 ; 

8?3 i 

H24 MMCAII : I D ft, 


CALI. INTERPRETER SURR0U1INE 
HI. - KITTIES- ADDRESS 

ROUTINE. MAY FI (AllED FKA MACHINE LANGUAGE CJR 
ANOTHER INTERPRETED SFM.IMCE 
STACK DEPTH INCREASED BY 4 BY (All 
(HD ; (FT IfCOU 


825 INC HI 

KG SM ft 

82? II) DE,RENTER 

828 MINT0: Plf-A 1+ 


IMf INTERPRETER HUMY K TURN 
SAVE DUMMY RE I URN 




ID l,A 


, INH-X 10 C 
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100 


uW<>- TOO 

K/d 

JR IJi, MINI 2-1 

, JUMP IE NU lOftD IHIIIIH) 

000ft Eft 

m 

EX IX, HI 


(OBft 1*00 

b:<? 

ID ft, b 

; l.OHD SYS1EM HRG I Kit 

214BW 

m 

ID HL MRHkCil 

m* t w< 

m 

Hll Mi 

; USE USER THUL.F? 

tow m< 

835 

JR ft MI NT 1-3 

; JltlP IE NO 

me m v/}- 

836 

ID HMUNfkGD 


m> 

837 

MINI3: MX) HI,DC 

; INDEX 1HM.E 

80% 46 

m 

ID ft, (HI) 


m v mm 

839 

tttl. MSUCK3 

; CftU SUCK ROUTINE 

MSfl w 

m 

Him?: POP It 

; DUMMY RETURN TO It, It r PC 

mf ?s 

m 

id ac 

; GET CELL. INDEX BHCK 

009C ED4687 

84? 

ID ft, (IY+CE40 

; RESTORE Cl (PEERED REGISTERS 

00ftE ED4E86 

84:< 

ID C,(lV+CftC) 


0002 18RH 

844 

JR IMlftt-E 

i JOIN NORMK. UP1 DISftftTCH SECLPNCt: 


846 

iNHE: SUCK INLINE ftKGUMENIS 


847 

; PURKiSt: TRH6EER OE INI 1 HE llRGS lEflO CONTEXT BLOCK 


848 

i INHI1; ft - ftkU l.OftD MftSK (SEE INTERPRETER COMMENTS;* 


849 

i OUTPUT: HL - UPWflLD Ft 


850 

; EXHftINftTJON: 1HIS ROUTINE II1PI FME'NTS ft HHCkO ll«> INSTRUCT U« 


851 

; IT IS USED ftV THE lNTERftRllER HS Htll. H ONE BIT IN (HE 


852 

; INLINE: I.O0D MftSK ME HNS 

(RftNSEEk THE NEXT MINE BYTE INTO THE CB 


853 

; 0 2ER0 HIT ME-ftNS 'HDVftNCF CONI EXT BLOCK POINTER" 


854 

i 1H0 ENTRY POINTS HRE DEFINED, (ME FOR (HE SUCK MKRO INSTRUCTION 


855 

; THE OTHER EOR THE INTERPRETER TO USE 


856 

, SUCK MftORO ENTRY: 


0004 El 

85? 

HSUCK: KP HL. 

, RETURN HDDRESS TO HL 

000S D1 

858 

POP DE 

i KP OFF PC 


859 

; *** BYTE SfftlNG TRICK 

*** REKKt WITH ID HL REENTRY If THINGS i 

8006 23 

868 

INC HL 

i fDVfiNCE TO REEN1RY (MIN 10) 

mf E.5 

861 

KISH HL 



862 

; Fftl INTO ... 


0008 CB68 

863 

KSUCKJ: ftll 4,B 

; IX LOHD MHN1ED? 

00 m 'em 

864 

JR 2, HSUCK2-* 

; HSUCK2 IF NOT 

me in 

865 

ID ft(DE) 


em> 13 

866 

INC: |)E 


000F FP770? 

86? 

ID (1Y+CB1XL),H 

0081. 1ft 

868 

ld a at) 


8082 33 

869 

INC: It 


0083 FD7703 

878 

L\> <IYK:81XH>,fi 

0086 EDES 

871 

MSUCK2: PUSH IV 

; LET HI * IV 

0088 El 

872 

KP HI 


0088 23 

873 

IHC: HL 

i + 4 

0088 23 

874 

INC: HI 


8088 23 

875 

INC HL 


008C 23 

876 

INC: HL 


0081) C8H0 

877 

kfcS 4,ft 

; KILL IX BIT 


878 

; THE EHHUr. SUCK IN LOOP 

008E (B38 

879 

hsucjcc ski ft 


88C1 :<003 

888 

JR NC, HSUCKS-I 

; CRICKS IF HOI THIS 11 lit 

00C3 3ft 

88J 

ID ft, (It.) 

; OKI INCH* EVlE 

m \ 33 

88? 

INC It 


n 

883 

LD (HI), H 

i STUFF INTO CP 

00C6 23 

884 

MSUCKS: INC: HI 

i El.NiP CP POINTER 


885 

, ** this code lissome s 

I HOT STHIIIS OE 'SPI " IS PkESEkVI D 

mu toes 

886 

Jk lift M’-'IJi K<-3 

; JUMP IW K IE M0E1 TO DO 

00(31 Eft 

887 

EX It,HI 

; HI * PC 

80(1; ( ft 

888 

kET 

; THEN KOT 
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eer* tm 

eeu> 

mce 

8001 AW 

00D < rm 
«os Men 

«D7 Men 
0fO9 8801 
001* 7FM 
B0OD 8805 
eetx ec @5 
wei tf e:< 
00B D8W 
00ES Eton 

eee? 

ms FEfc, 
MFit m? 

mn 150? 

0t€T 130? 
00F1. 1C0? 
06F3 71)0? 
00R> 9E 0? 
Of? 0903 
00F9 ff*? 
00F0 6HC<> 
00FT) F10? 
90FE ( '40? 
8101. EB00 
0103 Ff0R 
0105 E86R 
010? 5606 
0199 3306 
0100 (3»l 
0160 ftt.01 
0i6E 0C06 
0111 0006 
0113 0001 
0115 3?0C 
0ii? im 
0119 3180 
011F: im 
olio (tin 
M1E 150C 
01?1 7600 
0i?3 9 m 
0i?5 0«n 
017? 8W(t 
01 ?9 4888 
0i;n mo 
0 i?o ?.m 
w:i iri< 
M3! DEK* 
0133 04«' 
0135 0403 
0137 4103 
0139 6E83 


101 

891 ; * 11*1 KttlUNE FiXMSS IflHU- * 

893 SYSDP1: DEEM H1N1W: 


894 

DEEU HX1N1C 


m 

DEFU HkCHU 


896 

DEEM NKHi. 


m 

DEEM NKF.T 


m 

DEEM HHUH8 


m 

DEEM M3UCK 


900 

DEEM HFlCDN 


m 

DEEM TIMEV 


902 

DEFU HU&E1 


98* 

DEEU MU7S1P 


904 

DEFU MSFIHF* 


985 

deem imm 


m 

DEEM MFILL 


96? 

DEEM hPfiJNT 


988 

DEEM HVHR1T 


909 

DEEM MHkllK 


916 

DEEU MHkITE 


9ii 

DEEU HURll 


91? 

DEEM MUKIT0 


90 

DEEM HVFIFIN 


914 

DEEU MWHNK 


915 

DEFU hsetvt 


916 

DEFU HUEST 


91? 

deeu rsim 


918 

DEEU D1SKM 


919 

DEEU StRNEM 


920 

DEEU KCDISF* 


925. 

DEFU MkfcL08 


922 

DEEM IM 101 

; WiLHBl 

92* 

DEEU MVECTC 


924 

DEEU MVt.CT 


925 

DEEM MKCTFfe 


926 

DEEU MENIkV 

; mm 

92? 

DEEM ISO IT 

i oon 

928 

DEEM FIDO ITU 


929 

DEEU MH128K 

; P128MC 

930 

DEEU MME-NU 


931 

DEEU HGt.TP 


9*2 

DEEM IK4TN 


9** 

DEEM MK1I3E 

; PflUSE 

9*4 

DEEU M0JS11 

iDISM-W HUE. 

9*5 

DEFU K1NCSC 

; INC SUW* 

9*6 

DFEN 1NXN18 

i INWXN 

9*? 

IXEH KJIN18 

; S1CWN 

9*8 

DEEU niFOU 

; 1NDE.XN 

9*9 

IXEU HINDU 

; )NE*X8 

948 

DEEU HHDVE 

; HOVfc 

941 

DEFU HSHF1U 


942 

DEhlJ RDFlD 


94* 

l+EU WOSfs 


944 

IX FU M.H1I 


945 

LX EU I1DDV 


946 

DEEM FCDCS 


94? 

DEEU EtONG 


948 

IX EU SIXXX) 
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104 


w:<h ms 
W3D 5*e:< 
4m 
0141 tfbs 
0143 410C 
0145 6C83 
014? 2308 
0149 408? 


0140 0B 
014C 00 
014D C8 
0141 C0 
014F 00 
0150 (0 
0151 08 
015? 00 
0153 04 
0154 F0 
0155 00 
0156 2A 
015? C0 
W58 2F 
0159 2F 
815f; D0 
0158 B 
015C B 
0150 FF 

W5f: ff 

015F 13 
0188 CB 
0101 (f 

W6? c:< 

0103 CF 
0104 ?7 
0105 C7 

ww; (1= 
010? » 
0108 :n 
0108 [vf 

0100 00 
0100 00 
MGC 03 
010D (* 
WFF t# 
0i6f 90 
0170 ( 3 
0171 FC 
017? If 


103 ; 

949 DFFM SDSHG 

950 DtFM SOARS 

951 DFFM Sl> CiT 

95? dffm mm. 

953 DFFM HttUT 

954 0F>M HSU8 

955 DFFM MSF1M 

950 DFFM MH1I) 

958 ; MACRO ROUT I NFS HRGUMFN1 MASK IMF. 

959 i FORMA!: 

908 ; **nM^^****4^4*****^***^***^ 

961 ;*?*6*5*4*3*?*1*0* 

O a » -* « « j i j ■ ■■ * « »..j *--*—^ -fc-A-iii ifc ifc ii ii x Ji iii a 

j t 4 t ¥ ¥ 444 *^^ ¥▼* 

%3 ; * H * L * R ♦ IX* B * C * 0 * L * 

964 ; t#*w*****-w 

965 ; ARGUMFNTS MUST FOLLOW THF CAL I . INOFX IN 1HE FOLLOWING (Kf** 

960 ; (OHlTlNCi UWUStD HRGUMF.N1S, OF COURSE) 

96? i (INDEX), ] XL, 1XH,F,D, C,8, A,L H 


908 MRAR01: 

DF>8 6 

> 

1NTPC 

%9 

DFF8 8 

j 

XI NIC 

978 

DFF8 1.18088888 

* 

, 

RCHLL 

971 

DFF8 110080008 

i 

MCALJ 

97? 

DFFB 0 


MRFT 

973 

OFF8 110880888 

j 

MJUMP 

974 

DFF8 000010000 

i 

SUCK 

975 

OFF 8 8 

4 

t 

AC! INI 

976 

DFF8 080001086 

/ 

DFCCTS 

97? 

OFF 8 111180088 

j 

BHUS1C 

978 

DF.FB 8 

f 

FMUS1C 

979 

0F.F8 801010108 

> 

SFnoui 

988 

DFFB 110000088 

i 

CGLSFH 

981 

DFF0 801011118 

4 

, 

FILL. 

98? 

DFF8 OWWillH 

i 

RFCTAN 

983 

DFFB 118180088 

• 

, 

VHR11R 

984 

DFF8 11100011B 

J 

Nkllk 

985 

OFF 8 111888118 

4 

, 

WRITP 

980 

0F.FB 111811118 

j 

HRJ1 

98? 

OFF8 111811118 

i 

WRIT A 

988 

l*FH 888100110 

i 

VBLANK 

989 

14 F 8 110818118 

i 

WiiNK 

998 

DFFB 110811118 

; 

SAVE 

991 

OFF 8 110088118 


khSlukt 

99? 

DFFB 118811118 


SCROLL 

993 

l*FB 001081118 

/ 

NFW D1SCHR 

994 

DFF8 110001118 

i 

NFW OlSSTk 

995 

OFF 8 11081.1118 

j 

01 SNl HI 

9% 

DFFB Ftmisni ifun: 

t 

k’Fl BBS 

997 

|>FFH titil nut iiiHF: 

# 

RFlrtil 

998 

OFF 8 11HJM100F: 

/ 

vmc 

OCjQ 

DFFB 1101 MM 

i 

VFC1 

1000 

0FF8 8 

i 

KCT8SC 

1001 

DEFB 800008118 

i 

SFNTRV 

100? 

1.4 F8 118000888 

i 

LXU1 

1063 

DFFB 110008080 

# 

DOITB 

1004 

DFFB 0 

» 

P17BRK 

1085 

DFFB 118000118 

i 

hf:nu 

1886 

OFFH 111011888 

J 

l£l FWAtf TF.R 

1887 

DFFB 118811118 

i 

(jFT NUMBER 
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r 


. 105 

IX18 008018008 

7 ' J 

8173 08 

i m 

; PHUSfc 

W74 W 

im 

1X18 000001110 

; D1S1IH 

0175 C8 

\m 

1X18 110000008 

; INCSCR 

0176 (* 

IMi 

1X18 110000008 

; INPFXN 

0T77 ce 

iftj? 

W-18 110000008 

; STORM 

0178 t* 

iw :< 

1XT8 110000008 

; 1NDFXM 

0179 C* 

1M4 

1X18 110000008 

; 1NDPXR 

W.7H CF 

iei5 

Dtl8 110011110 

; MOVE 

0170 C8 

1016 

D118 110010008 

# SHI FI U 

017C C0 

1W.7 

IX F8 110010118 

; KMDD 

017D CB 

1818 

«18 118010118 

i PCKSUP 

0171: C8 

1819 

DfFB 110010HB 

; mm 

017F C® 

im 

IXFB 1100101} 8 

i WDDIV 

0100 (S 

1021 

1X18 1160j»00 

; RCKCHS 

0181 00 

im 

OEFB 00001.0118 

i mm* 

0187 C® 

im 

DFFB 1100101.18 

i DftW> 

0183 0® 

1024 

1X18 000040118 

; DSHi 

0184 00 

1025 

DFFB 000810118 

; ms 

0185 08 

1026 

DtFB 110010008 

i NFIil 

0186 28 

102? 

OFF8 801000008 

; KHNGEb 

0187 ee 

1028 

IXFB 000000001: 

; QUIT 

0188 10 

1629 

OF18 111000008 

; Sfcl mt 

0189 03 

1038 

0F1B 1100001IP 

i StT WORD 

018R (? ' 

ie:<i 

0118 110061118 

; MASK TO DELTAS 


ier< 

; INTI Rill WIN INI K* 

HVfckVBOW 


1034 

; MHO IXM'Sim N8HT Id UR1T1 THI1R IMN 


ie:<5 

; WXS 4 601H SIC COUNTERS IN 010-3 

0180 13 

1076 

HfiOTIN: hi 

i MfiKfc IWIN SURE HI. IS (11 

0180 F5 

103? 

PUSH if 


M8D 05 

i0:<8 

PUSH PC 


0181: 05 

1K<9 

kjsh if 


0181 15 

1040 

KISH HL 


0198 1051 

mi 

)M 2 


8197 3100 

m? 

io an«iSHR.8 

W94 104? 

1043 

10 ]>H 


01% 31(8 

1044 

to a 700 


01%: D3HF 

1045 

(HI (INUN).H 


0190 :<t :<4 

1046 

10 aiTHMOHH 

W90 o:<m> 

1047 

(in (INIMOiH 


8191 (WW 

1048 

CM 1 lilt? 

; UKfliE T) MOM, MUSH: AND SKCtM* 

0101 OKI- 

1049 

10 (:,W-H 

; USI- CKK< 

01 K< 007104 

im 

(Ml l)MV 

; UK: CUK< 

81(15 11 

KM 

K8 HI 


010? 01 

105? 

POP I X 


0108 Cl 

1053 

KM it 


0109 11 

1054 

POP ft 


01HFI 10 

1055 

11 


018® C9 

1056 

RF1 



1068 

; Win INI : MN’fkY 



1859 

i PURPOSE: 10 NHI1 10k (HffKif 01 PROGRAM STRTUS 


1068 

; IN 11 IHkk 1HF POMS OR IM Til*K-COUNItkS. 


1061 

i in noon km n afrits 

11H0UT KM LONG PERIODS (1 IN- 


1062 

i HCTIVIIY 



1063 

i ** IS VICTOR OUT HHG Stir? 

WL0C 381841 

1064 

H1NTRV: ID atSFM-LG) 


0 W FlHft 

1065 

CP 68HH 


0101 001978 

1866 

JP &2019H 

; VES - JIMP OUt 

0184 30FC41 

106? 

L.D adihcin) 

; CHICK IF TIMt TO 8LBK0U1 
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108 


♦U r 


r 


W7 B7 

1068 

OR H 

0 jH6 28?B 

1069 

JR MklTtSl -i 

he 

1070 

HP1ZHC: XOR ft J T1MF 10 SHIR DCWH 

WJ* F3 

1671 

DI 

01 R : 0315 

1072 

OUT (VOIP, ft ; TURN OFF SOUNDS 

HiPE 0316 

1873 

(JUT (VCLfiB>,fi 

«C8 W0R68 

1074 

LD BC, C0lBX+8*2t* 

01C:< ED79 

1875 

OUT <P,fi ; POINT IT BLftCK 

HC5 10FC 

1976 

DJKZ -2 

W.C7 15140? 

1877 

PULP: ID DFjftKFYS 

BlCfi CDF-ICC 

1879 

CHI FINDLK ; CHI STOW- DF 1N10 CONTFX' 

0iCl> CDE501 

5879 

(Hi TTEST ) HRIT FOR SCHIHING 10 HHPI 

woe 3c 

1080 

INC: ft 

WW 28E7 

1081 

JR N?,MPI7BK-* 

0103 FO360980 188? 

LD (lV+CF<ft>,e 

WD7 FB 

ies:< 

F.1 

WLD8 2HF04F 

1004 

id HL.amsi) ; oft swvfd colors 

Wtt: 22E84E 

5 085 

HCOLOR: I D (COllST). HI ; SftVt- COLORS FOR FUTURP 

WOE 016B&8 

1686 

l.D PC) 880K+C0LBX 

8 JLFJ edk< 

1087 

OUR ; RPSPT IHt CHOPS 

01i :< HF 

1888 

XOR ft 

ME4 C9 

1889 

ktl 

ME5 CDEC03 

5.890 

1 TF ST (HI 1RCHK 

WEB ED7789 

1891 

LD (lV+CF5fi)»H 

WFR FO7087 

589? 

LD (1V+CW0.H 

01FE EE13 

5093 

CP SKVD 

01 FH m 

5094 

Rtl C 

05 FI FF1C 

5895 

CP POTO 

wf:< dh 

58% 

RF1 NC 

WF4 :<FFF 

5097 

LD ft BFPH 

H5F6 :<2F.C4F 

1098 

ID (lMOUD.H 

W.F9 (9 

5899 

kfcl 

01FH C4PD 

5581 

(HCL: DFFU SCBl 

01FC DDK) 

15 a* 

DFFU PHH.C 

WEE 2010 

1103 

DFFH CHCST ; STftRT Cf CH.(U.ft1 OR 


1105 

; SVSTPtt KWH INFS JIMP VFC10R 


1186 

(Mi 2WjH 

0288 C3IW4 

1107 

Jp TIMP? ; DO 1IMFR * MUSIC 

82e:< cr*04 

1188 

JP UftFX i DFC1HR 

mi % 

1110 

SYSFNfl: DFFB 28H 

0287 HR 

1111 

DFFB 8 

0268 08 

ill? 

DEFH 8 

0209 01 

1113 

DFFB 1 

02W 07 

1114 

DFFB 7 

020 H E408 

1115 

DFFU LRGCHR 

02 HD H0 

1117 

SMLPNT: DF.FB OftOH 

020F 64 

1118 

DFFB 4 

020 F 66 

1119 

DFFB 6 

0219 01 

1150 

DFFB i 

0211 05 

11 ?1 

DFFB 5 

0212 BFBfl 

1.5 ffi 

DF.FW Sni CFIR 


1454 

i H OT VS MftSK 

0214 :<f 

1125 

flKFVS DFFB KFH 

0215 3E 

15% 

DFFB KFH 
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110 


109 


0216 3F 

1127 

«* OFF-ft 3FH 

021? :<f 

1128 

OFfft 

:<lh 


1130 

; HFftO If (NHOHRD MFNU 

0218 BFBO 

1131 

M.MNK: DFFH Cl*. 

(dft («<) 

1132 

DFFH 

021C mi 

1133 

DFFH (iFSTRl 

021.F 40415820 1134 

DfFH 

'M< SUM/ 

0227 80 

1135 

Otf-B 0 

0228 23284F46 11<f 

DffH 

'I IF KHYkkS' 

0234 08 

ji:<? 

DfrKH b 

zsmm* j :<8 

DtFli 

'I IF bffltV 

8?:<f 00 

1139 

DU* b 


1141 

. UU41 . 

# rmnr. 

CONVFRI HHSK TO DF.L1H6 


1142 

i INPUT: 

8 - JOYSTICK M0SK 


1143 

i 

0 - Utf SI HI US ■ (HR HOP BIT S 


1144 

i 

OF » X K6IT1VF OFI.lft 


1145 

i 

HI * V KSllIVF OF 1.10 

0240 CD5682 

1146 

WTO: CM 1 

UNCPl. ; HRNDLF V 

0?4:< fcB 

1147 

FX 

OF, HI. 

0244 0871 

1148 

BIT 

HkFLOP,0 ; FLOP SfcT? 

0246 2807 

1149 

JR 

7, WT02-F i YfcS - 0011 

0248 78 

1150 

LO 

0,8 i NO - t€T HHSK 

0249 F683 

1151 

0NO 

3 

0248 2801 

1152 

JR 

7,HmBl-l 

024D 2F 

1153 

CPI. 

i INVERT IF NOT TfcRO 

024F 47 

1154 

ml 01: I D 

8,0 

024F C0S682 

1155 

HM1D2: CM L 

CtWCPL ; PROCESS X 

0252 FB 

1156 

FX 

Of, HI 

025:< 0388* 

1157 

JP 

STHDfc i SI CM H,Ot RNO WJ 


1159 

i SUBROUTJNF TO CONOlTKMtLV CtMHFHFNl OR 7E 

8256 cm 

1160 

CONOFt: kRC 

8 

0258 3800 

1161 

JR 

NO, CONDI-F i JU4P IF NOT If 

0250 7l> 

1162 

LD 

0,1 

0258 2F 

1163 

CPL 


0250 6F 

1164 

LD 

l.,H 

0250 7C 

1165 

LB 

R>H 

025F 2F 

1.166 

CPL 


025F 67 

1167 

LO 

H»R 

0269 n 

1168 

INC: 

HI. 

0261 C808 

1169 

RRC 

B 

0263 09 

1170 

RET 


0264 CB88 

1171 

C0NC1: RRC 

8 i OCHN SfcT? 

0266 08 

117? 

RF.T 

C i 0UIT IF SO 

0267 032800 

1173 

JP 

(INC? i JUMP TO ZfcKO OUT 


1175 

; N0MF: 

SCMl l. MFHORY BLOCK 


1176 

; INPUT: 

8 - NUH8FR ff 1 INFS 10 SCROll 


1177 

i 

C - NUMBER OF 8V1FS ON 1 INF. T(i 


1178 

} 

OF - LINF 1NCREHF.NT 


1179 

i 

H - FIRST LINE TO SCROLL 

0260 fiF 

1188 

HSCROL: XCR 

0 

B26F: 05 

1181 

HSCRL1: KISH 80 ; SHVfc COUNTFRS 

0260 05 

1182 

PUSH OF 

0260 47 

1183 

LD 

B/H 
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4 , 301,503 



112 



1184 

ex 


Kttf- 19 

1185 

HDD 

H Ai i fW> lNCM-MEHT TO l.INF 

0?7fi K5 

lit* 

PUSH HI 

«??1 H** 

11.8? 

1 DIR 

i rmm 

m.< K1 

1188 

Kip 

HI 

KM 14 

1188 

POP 

DE 

«>7S CJ 

1198 

POP 

W: 

H2?C i» < 

1191 

[ON? 

MSPRI 1-4 

KW C3 

1199 

PET 



1194 

; NOME: 

MKCRO INTERPRETER EXIT HUH CONI EXT kESTlfcE 


1195 

i KRPOSE: 

uun INTERPRET INti HND liO HOW 

0279 El 

11% 

MX1NT0: KJP 

HL ; THROW OUT DUMMY kETURN 


1197 

; NHHF: 

kETURN EkOII SYSTEM CHIP 


1198 

; KRPUSE: 

RETURNING TO USER HND klSTOklll ION OE REGISTHRS 

K7H El 

1199 

RETN: KP 

HI i RE URN HD0RESS TO HL 

827K Fl*l 

1260 

POP 

IV 

0?7D tWl 

JKH 

PER 

IX 

027E W 

120? 

WP 

DE 

0C*B Cl 

im 

POP 

PC 

tee* ei 

12W 

pop 

HE 

0282 B 

1265 

EX 

<SP),HL ; STK^ETIMC HI =111) HI 

e»:< o 

12% 

RET 




1208 

; NRME: 


wt> divide: 



1269 

i 





0284 ttt»ee 

1210 

BOW: 

mi 

GNHCC 

* 

, 

GENERHTE fiOMtUflOR 

0287 E3 

1211 


EX 

<SP),Hl 

♦ 

, 

% t. m;> toe* * mst 

8288 C5 

IMP 


WISH HC: 



0289 0606 

121 :< 


L0 

8,6 



028E; 79 

1214 


ID 

ac 



828C OHIO 

1.215 


SW 

C 



028E 89 

1216 


HDD 

HL,0C 


, ■ ■ 

82» 4F 

1217 


ID 

C# H 



02% F8 

1218 


EX 

DE, HL 

» 

, 

HI = ARGl, DE - HOC 

6291 ED88 

1219 


L.D1R 


4 

> 

Ei * fiRCil ELHG+1 

0293 01 

1220 


POP 

BC 



8294 [>i 

1221 


POP 

DE 



0295 28 

1222 


DEC 

HL 

j 

** FIX ** 

02% e:< 

1223 


EX 

<SP),Hl 

« 

1 

« r HRG2, TOP - HfOil El 80 

0297 C5 

1224 


KISH HC 



0298 06% 

1225 


CD 

8,6 



0298 89 

1226 


HDD 

HL,0t; 

i 

HI. =■ HCC+S17E/2 

0298 Cl 

1227 


POP 

E€ 



029C «> 

1228 


DEC 

C 

*■ 

, 

*♦ FIX ** DECREMENT SIZE 

029f) EH 

1229 


EX 

DE,Ht 

ft 

, 

HI - Hkti2, DE ^ HOC# TOP - HktilHUG 

02% 18 

i?:<o 


DEC 

DE 

i 

# 

** E1X ** 

029E 18 

1231 

WV3: 

DEC 

DE 



82R0 HE 

1232 


XOR 

H 



82W 

!?:<:< 


SYS1 EM HE.iil 

> 

0PG2 - -0RG2 (IDS COMP) 

m:< 

1234 

D1VI': 

SYSTEM DflDD 

i 

sum phot um n -HOkKOH 

0205 380H 

1235 


JR 

f:,DlV3-$ 



020 7 :<c 

12 <6 


1%: 

H 

; 

OR UNTIL 1 OOP COUNT > 99 

02%; 27 

1237 


080 



t 

fw 20E9 

1238 


JR 

N?,D1V?-* 



0 ?%; M 

1239 


KP 

HI 



02HC 3tfF 

1240 


ID 

(HI.), OEIH 


• • 

62fiE 01 

1241 


POP 

W: 
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ICHt IKkh 

i ;m? 


y 4,301,503 

113 

.'k m if.-4 

KW 

\y,< 

I>1V.< 

SVMEH ME 01 

0?H< 



SYSlEli I’M'I 1 

021* E3 

j;m5 


EX (SP).HI i II - HkM 

me & 

1246 


DEC HI 

m? Tf 

1247 


ID (HL),B ; SAVE HNSHFR IN EKGJ 

om b 

j m 


EX (SP>. H- 

me «> 

1249 


DEC (; 

mu m< 

1258 


Ok NT, D1V1-4 

8?BC H 

12M 


POP HI 

02M) Cl 

1252 


POP BC 

B?W- lKft 

1PM 


JR D1V4-* 


1254 

i SUBROUTINE ID GENERH1E HCCUMUHK* ON THE STKX 

eece DM! 

1255 

GNRCC 

: POP IX 

020 ? he 

iss* 


XOR H 

02c;< 4 e 

1257 


ID C, H 

02C4 

1258 


SYSltM DECS ;HR£brflE(S VHLUfc 

0206 EB 

1259 


EX DE, HI. 

82C7 

1268 


SYSTEM DHBS ; VM IE 

8209 EB 

1261 


EX DE,tt iELrtM IE NED HNS, EISE 

B2CH 67 

1262 


Li> H,fi 

02CB 6F 



LD L ft 

B2CC 78 

1264 


ID a& 

02CD E5 

1265 

MULTI 

PUSH HI. ; ttNERHTE BCC ON STBCK 

02CE iBFD 

1.266 


DJN7 MU.TJ-E 

B2t« 47 

1267 


LD 8, ft iRESlOkE SITE 

82W 39 

1268 


HDD HLSP 

B2D? CS 

1269 


PUSH BC ; SHVE SIGN 

02D3 E5 

1276 


PUSH H. iSHVE STROK POINTER 1 

02D4 E5 

1271 


PUSH H. iSffft HIT; POINTER 

B2D5 FD668B 

127? 


ID tUlYHlfO ; RESTORE RRG2 POINTER 

82D8 ED6E0H 

i ?/:< 


ID L(lY+CfO 

82DB 48 

1274 


LD C,B 

02DC DOES 

1275 


OP (IX) 

82DE CDC882 

1276 

127? 

1278 

1279 
1288 
1281 
128? 

WM : 

jDECIHfi MULT MY 

>GIVEN: DDflROi, HDRMfc B^S12E/2 

; (SITE/M HSSUHED tVHO 

; RETURNED: HRGi^RNSNER, 08 ON OVERELUH 

• 

t 

♦ 

1 

CHLl GNACC ; GENERATE HCCUH 

02E1 7E 

m:< 

Mill T2 

LD a (HI.) ; tmi 1 1OOP IXIWT 

m2 23 

im 


INC HI 

B?B B 

1285 


EX (SP>, HI ; HI X*C ACC 

82E4 i 17 

1286 


AND H ; IF Mi, SKIP HULT LOOP 

02E5 me 

1287 


JR Z MULT4-E 

my eb 

1288 


EX DE, HI 

02E8 

1289 

hi n:c 

SYSTEM DHfX) ; ELSE PM TIPI V 

02ER H7 

1290 


FIND H i QEHR THE (BPPY HI 1 

WEB 3D 

1291 


DEC H iWClMFH DECREHEUI 

02EO 27 

1292 


DHH 

82ED m9 

129? 


JR N?,MUl 13-4 

02f t EH 

1294 


EX DE, HI 

B2FB 23 

1295 

MUT4: 

INC HI ; JNIW-MFNT DEOMHL Hit: 

02M B 

1296 


EX (SP), HI .Him? 

m? «> 

129? 


DEC C 

82E'< mt 

1298 


Jk N?,MUO?-4 

8?ES H 

1299 


KP HI 

B?K. M 

i :m 


POP HI , KESU44 S1H4 K POIKIEk 
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B2E7 (1 
'02E8is 
82E9 C5 
B2ER 48 
B2EB 068H 
02ED CB39 
02FE 09 
0380 CB2J 
0382 EOBG 
0394 Cl 
0305 C5 
0306 C*38 
0398 HE 
0309 80 
0390 23 
0309 10FC 
03H) 07 
038F 2003 
0310 3EET 
9312 12 
0313 Cl 
0314 H 
0315 (S41 
0317 2882 
0319 
031H El 
031.C 10FD 
031E C9 


031F 
0321 
0323 EP 
0324 
0326 EB 
0327 


0329 68 
03131 20 
8328 26Wi 
0321) 19 
8311- 7E 
0314 EE58 
8331 08 
0331' EK 
0;<v < 

03 <5 9E 
03 <R 27 


rw 

, 115 M 

KH#( 

J <0? 

> 

KM 

Di¬ 

rm 


KISH 

rt; 

13M 


ID 

(:>ft 

i?H5 


ID 

ft,H 

i<t* 


SRt 

C 

rm 


HDD 

HL W: 

vm 


Sift 

C 

ym 


IDlk 


im 


PC* 

ftC 

mi 


PUSH 

HC 

i3i? 


SRI. 

ft 

1.313 


m 

ft 

1314 

Mil .15: 

or 

at) 

IMS 


INC* 

HL 

im 


\>M 

HUI.T5-* 

13 j? 


HND 

ft 

1.31ft 


JR 

hfklVM 

1319 


LD 

fbHPFH 

1328 


ID 

(DP), ft 

13 a 

Hill?: 

PGP 

ftt 

13» 


POP 

HL 

1323 

DM; 

PIT 



1324 

1325 

1326 MEI.T6: 

1327 

1328 

1329 
133S 

1331 

1332 

1333 

1334 WOSB: 

1335 BC08D: 

1336 

1337 

1338 

1339 
1348 
1341. 

1342 

1343 

1344 

1345 

1346 

1347 

1348 

1349 SDSMG: 


1350 

Ptt: 

L 

1’<51 

ID 

Hi ft 

135 ? 

HDD 

HL/Dft 

1353 

ID 

ft. (HI ) 

1.354 

OP 

5HH 

l‘<55 

m 

C 

1 <56 

hX 

11. HI 

1 '5/ MMfi1 

ID 

H. Ci 

1 <5S 

sw 

Hi <HI > 

1 <S<4 

DHH 



4 , 301,503 

, RESTU4 SKiM 

; (PECK EOR OVEKEIOH 

i SET H fiCiS 

;CHFCK SIGN HHO 
j NhGHI E fikGi IE NECESSHRY 

;RESTORE 0R1GINM ST8CK POINTER 


; HOEfcGiB-1 (SIGN Wit) 

; IE 80S (SIGN N1BMK5) 

;Exn 

; H ^E 10'S CUtlEMENl 


JR 1, MUI.T6-* 

SYSTEM KOCHS 
KIP HI 
DJN? MLIT6-4 
RET 

; WO SUBTRACT 4 HOD 

; GIVEN: DEXKW» K>HKi2 

; B=S1ZE/?*1 

iRETlKNEO: RRG1 'HNSMEk 
SYSTEM KOCH'. 

SYSTEM KCONEG 
EX DE, HI. 

SYSTEM BCONE.G 
EX DE7 El 
SYSTEM D8DD 
; HNO Efill INTO 


iDECIMft SIGNED HRGNITUDE 

iGIVEN: DDHRG (IP'S COMPLEMENT) 

; K-S12E/2+1 

; RETURNED: HRG (SIGNED MHGNJIIIH:) 

# 

i 

ID L,R 
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117 - ^ 


m/ 77 

1368 


10 

(H ),8 

03:<8 ?:< 

1361 


INI' 

HI 

0339 iw 

1362 


WN? SDSMM-* 

033B * 

1363 


wo 

H ;HND SF1 SIGN HIT 

8330 7h 

1364 


10 

H»(W) 

e:c<D t-m 

1365 


OR 

80H 

033E 77 

1366 


10 

(HI.), 0 

0348 (9 

1367 


RET 



1368 


» 

1 



1369 


i 



1370 


;M0 NFGH1F 


1371 


J 



1372 


; GIVEN: ODfMi (SIGNED HfiGNlTUOF) 


1373 


* 



1374 


;RETURNED: 8RG (10'S CGNWFhFNl) 


1375 


4 

I 


0341 *8 

1376 

ECDHQ: 

ID 

LB iHD0ROrt0-l (SIGN BVTF) 

0342 2D 

1377 


DEC 

L 

8343 26fW 

1378 


ID 

H,0 

0345 15 

1379 

k 


HDD 

H.,1* 

0346 0B7E 

1388 


BIT 

7,(HI) iEXJT IF WlS 

034e c* 

i m 


RET 

7. 

9349 3606 

138? 


I.D 

(HI ), 0 ; CLtHR SltiN HVTF 

0348 B 

r:m 


FX 

DE.HL 

0340 RF 

1381 

SNEOil: 

HR 

0 ; UE0R curry 

034l> 3E80 

085 

BCDNG1: 

ID 

0,0 i ELSE 10'S CWUFJlfcNT 

034F 9F 

1386 


sec 

0. (HI.) 

0350 ?7 

os? 


DflH 


0351 77 

l m 


LD 

(HE),R 

0352 23 

1389 


INC 

HL 

0353 18F8 

taw 


DIN? BCDNGi-i 

0355 09 

1391 


Rfl 





* 

i 



1393 


♦ 

t 



1391 


iOECIHH 009(1.10 E. 


095 


* 

* 



13% 


; GIVEN: DORRG (6IGNE0 MflGNITU* > 


09? 


t 

B*SI2E/2+i 


1398 


i RETURNED: 0*0+1 IF SIGN HIT (1.F0RED 


1399 


* 

$ 


0356 68 

1188 

90fH5.: 

ID 

LB 

0357 2600 

MW. 


ID 

H8 

0359 2D 

118? 


DEC 

L 

0350 19 

1183 


HDD 

H.,DF 

0358 (DTE 

1181 


BIT 

?, <HL> 

0350 08 

118b 


Kfl 

7 

835F 3600 

1186 


ID 

(HI )>9 

0360 FD3406 

118? 


INC 

av+CBC) 

0363 09 

1188 


m 



1189 


t 



1118 


i 



1151 


iK»(«HN» SJfiN 


111? 


i 



mi:< 


ftilVI'N: HOHWi 


mi 


i 

<SMtifrh nmiMiim) 


111b 


jRHURMD: Hl ii MU; HI (OMHKNlH* 


1116 


F 


0364 48 

111? 

WOOS' 

ID 

C.H 

0365 0600 

1.118 


ID 

H,0 
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120 



>:***-•<.*■*. A; 

119 

♦ - ^ 


0367 «) 

3459 

\0. 

C 

8260 88 

MW 

hdd 

HI ,K: 

0368 te 

54?5 

ID 

H# (HI) 

8368 KF88 

MW 

xt* 

m 


3423 

i NHMF: 

SF1 

036C 77 

14?4 

HSfclH: LD 

(HL),R 

0360 C9 

UK 

m 



5 4 ,% ; 

14 ?? ; 

1428 iDfeClMH fiM> 

14» ; 

1438 iGlVf-N DOfiWil HDflRK OH'S OMtMffl) 



1433 


i 

R-S!2F./?+i 


143? 


ikKllKNHJ: Hktt^HMSHfck 08'SCOMKIH6K1) 


3.433 


i 


wa Ff 

1434 

SWCD: 

m 

H 

036F ift 

143b 

SDflDDi: 

ID 

R, CL*) 

6370 

3436 


HDC 

Hi (HD 

0371 27 

3437 


Dffi 


037? 12 

3438 


LD 

<f*>, ft 

0373 13 

3.439 


INC: 

Dfc 

0374 21? 

3448 


INC: 

HI 

037b 50F8 

3.443 


l\W 

mm -i 

0377 FF99 

144? 


CP 

99H ; ** FIX ** 

0379 17 

1443 


RLft 

; ** FIX ** 

037R 2F 

3444 


CPI 

; ** FIX ** 

0378 FD770S 

3.44b 


ID 

(IY+CRFt m, R ; SFND HfttX SIAM. FROM 

0378 C9 

3446 


RF1 




1448 

; NRML: 


RflHttD HWttl NUH»* 


1449 

; 1NHI1: 


ft - KHNtt. 


1450 

; OUIHH 

ft - RfiNWH NUMtt* (8 Id WWC4 -i> 

0378 Fb 

3453 

mm : 

KISH 0F 

0388 7HLF4F 

345? 


11) 

HL,(RHN5HT) 

8383 C:DfK8? 

3 45? 


call 

SHI FIR 

0386 033700 

1454 


LD 

RC; ?3 

0389 89 

3455 


HDD 

m, W: 

038fl 8H 

3456 


m 

H, D 

8388 22FF4F 

3457 


i [> 

(RRNSHIHt 

0388 2RF34F 

3458 


LD 

HL vRRN'.HH?) 

8393 5F 

3459 


ID 

F,R 

039? CDfiHft 

1468 


CHIJ 

SHIRK 

839b 19 

1463 


HDD 

HI, DF 

0396 77F34F 

1467 


ID 

(KHNSKI +3). HI 

0399 5R 

1463 


ID 

F>D 

039R 88 

1464 


FX 

DF.HI 

035)8 F3 

3465 


W 

RF 

0354: R7 

1466 


m> 

f; 

039t> 4F 

1467 


ID 

C, A 

0391 70 

1469 


li> 

H.D 

fC -4 ;rf«T‘ ! 

1469 


JR 

i'.kW 

8/.H1 ff 

14 70 


Vhf 

R 

0/K' 14 

1471 

kl : 

HH> 

HI *14 

em< 3fw 

347? 


JR 

NC, K?-l 

83ffr :<c 

3473 


INC: 

R 

8386 H> 

3474 

K3: 

DK: 

C 

8387 2869 

347b 


JR 

W, ki-1 

8389 (3M8tt 

1476 

V3: 

JP 

QIPCKi 
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03RC 44 

1*17? 

SHIFlk: I D 

8. H 


03fll> 4D 

i m 

ID 

0,1 


eiM hf 

14/9 

m 

fl 


03RF 160? 

I486 

ID 

D/7 


e:<w. » 

1481 

SHI: ODD 

HI/Hi. 


038? 17 

148? 

kIR 



83h:< is 

148* 

dfc 

D 


0384 <14 H 

1484 

JR 

N7, SH1-I 


0386 09 

1485 

HDD 

«,W: 


0307 88 

I486 

MX: 

H/D v 


0308 C9 

148/ 

rpi 




1489 

; NfiMF: 

SftVF HkF.R 



1496 

; INPUT: 

HL - SCkfcF.N flWMSS 



1491 

* 

t 

OF - SftVF 8W-H RDDRFSS 



1492 

* 

; 

8C - V/X SITfc ft RkfcR TO SWF. 


i49:< 

; N01FS: 

THF SIZPS OF m OBJECT 

HRP SHVPJ) IN 


1494 

» 

> 

THP FIRST TWO BYTES OF 

THF SWF. fikf H. 

@389 FP 

1495 

HSRVt: PX 

[>t, HI. 


0388 71 

14% 

LD 

<HL)>C ; SR X SJ7F 


0388 73 

1497 

INC: 

HL 


038C 78 

1498 

L.D 

<HL>, 6 i SET-V SIZE 


03H) 23 

1499 

INC: 

HI, 


83Bf RF 

1566 

XOR 

8 


03ft FR 

1561 

PX 

df:,hi 


03C8 im 

150? 

SKT 

6>H ; SET NOTWCiI 1 

t RDDklSS 

03ft CS 

150* 

MSHVKJ: HUSH 

BC 


03C 3 F.S 

1564 

HUSH 

HI 


03C4 47 

1505 

ID 

8% 


83CS tD00 

15% 

LD)k 



03C? tl 

1567 

POP 

HI 


03ft: ft ft: 

1568 

ID 

t# BV1 PPL 


03CR 09 

1509 

H1X> 

HI, HC 


83ft: Cl 

1510 

KiP 

BC 


03ft: Iff 4 

1511 

DJN7 

MSrtVPJ*-* 


03CF ft 

151? 

kFT 




1514 

; : fW 

m OUT KH K*f : i SK I If* 



1515 

; PUWOSP. 1 

o st i n:iiA:uiivtkM. nt 



1 SU. 

; INHI 'IS: P 

«“HOkCK Ir-VKkK, hRNNOD 


03ft ffft 

1517 

fft'IUP: ID 

C..HWft: ; OFT RHSF M«1 NUttf! 

83W KV1 

1518 

cun 

<0/8 ; H0K8D 


031)3 ft 

1519 

INC: 

C ; 


031*4 FDyI 

1520 

0U1 

<C), l> ; Vtkft. 


03W. D3W 

1521 

OUT 

<JNfM»,R 


R3ft: ry 

15?? 

kR 




1.524 

; NHIt: IPSI 

FOR lkRMSnidNS 



1525 

i WHOUM: 10 !«♦' FOk CHftWS IN 1ft KJklS *TC. 


15% 

) 1411W. : fl 

- 6 no mm 



1527 

i 1.-8 Cff.WIFk 

UWrWN HI I 8 



1528 

i 9-(: - KUO- 

* mm \> 



1529 

; 11 - H SF.CONDS ft 



15*8 

i F- KFVtWP 

CHRN6LD <BKK'4) 



15*1 

; F-16 : lk)H 

8! jo 1*8 • i:<!j:< 



15*? 

; RFTfttfc NFN 

VHLUE IN 8 


03D9 ft 

1 5:<:< 

Cl IF ID I 

S <HL) 
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4 , 301,503 


124 


123 


mm s 

1S74 


ID 

8C, 801H 

mod 79 

1575 

(til V 

U) 

H,C ; 0F1 HH5K 

91\* 0P 

1576 


RRCH 


93* 4F 

i«? 


LD 

C/H 

htfh h:< 

is* 


HMD 

L ; CHCK IF CT PIT d 

m\ r m< 

1579 


JR 

N7i CC11-* 

9&:< i»8 

1540 


DJN7 CC1LR-* 

*31* C9 

5 Ml 


RFT 


07P6 HR 

154? 

(til: 

XOR 

E i MUSK (in HIT IN (AJEST1GN 

83k? 77 

im:< 


ID 

(HI),ft ; KIT E«CK IMF. CTEIEK6 Ok SEM14S 

02F8 78 

1M4 


LD 

ft,t: 

03F9 8? 

1Mb 


HDD 

ft, I) 

83ER FI 

IMF 


KiP 

HI. ; OLD RET H®k 

03F.8 C9 

1547 


RFT 


f»c ra* 

1548 

TRCHK: 

JR 

/,1SfcX-T ; SKIP CttJNftk-TIMEkS HMD POTS? 

014} 25 WMF 

1549 


ID 

HL(TINT i (jfcT COUNTER TIMERS SINEUS 

03F1 1888 

IbbH 


ID 

L), 0 

«f:< mm 

Ibbl 


(HI 

CUP ; COUNTEk TIMERS 

•3-6 1688 

1552 


ID 

D,8 

B3F8 27 

1557 


INC: 

HI. 

82P9 CDD9G7 

1554 


mi 

CTI P ; SEMMS 

KSFC WJCW 

Ibbb 


ID 

W:,Tt«H+KH0 

B3FF 27 

1556 

IPI HR 

INC 

HE. ; -> HPOTft 

84(41 b.m 

1557 


IN 

ft, (C) 

04 Hr 5F 

1558 


ID 

E, (HI.) i GET OPOT 

04K< 97 

1559 


Slt< 

k 

04H*i :«* 

1580 


JR 

C,PHOT-T ; NFH ONE 11SS THftN (HD 

0486 D608 

1561 


SU8 

PElKi i FUDGE. POUNCE. EftClOk 

04H8 7806 

1567 


JR 

C, EPl.M > -$ i HEW MOKE lEIHM OUM 

WHfi a: 

1567 


INC: 

ft 

H40R 8:< 

1564 

PHOT: 

HDD 

H,E 

84 (*: 7V 

1565 


LI) 

(HI),ft 

MOD 4? 

1566 


ID 

ft, ft 

04(4 78 

1567 


ID 

H, C 

04(4 10 

5568 


kH 


041H 00 

1569 

Mir 

INC 

t: 

0411 10H: 

157H 


l»N? 

IK.Oft-* 


.157) 

; \m 

'! t Si SruiNbS 

0417 W'Ab 

1577 

IShX: 

LI) 

HI, KhV'-KX > HI. - KFVSFX 

0416 ;> 

157< 


ID 

H. (HI > 

0417 i. KI 

is, 4 


P1I 

7- H 

h4i M 7-‘S 

V>r 5 


if 

/> ii>wi 

0416 Ipf* 

is, h 


PhS 

7, H 

0410 77 

IS,' 7 


ID 

• HI }, H 

041 h 7H1 

1578 


ID 

asspc * she* 

04IH C9 

1579 


RH 



158(1 

; m 

1KS1 KEVEMfcD 

04'H F.5 

1581 

1KPY5 

kish 

HI 

W77 CR7400 

1587 


(HI 

RHOHD 

84'* hP 

1587 


PX 

RF.jHI 

0470 811 7H4 

1584 


LD 

8Cj 40HH+KhV7 

04;* ilHHfl 

1585 


LD 

Db 0PKK1H i Ski HU COUKlMcHtUmi 

04a : FD78 

1586 

hSKI : 

)N 

H, <C) 

H4a H6 

1587 


HMD 

(It,) ; CHICK RGfONSl HRS4C 

04 a 2R0H 

1588 


Jk 

N7i KSKNK7-1 

0471 01) 

1589 


RFC 

c ; nf:xi krt 

047? 1C 

1598 


INC: 

F ; HND COLlVtl 

94 <:< 27 

1591 


INC: 

HI i HND hHC* 

8474 1HM> 

1592 


DJN7 

HSKl-1 


t 
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125 


0476 78 

IWtt 


to 

at: 

0477 iFi 2 

155* 


ID 

bSKYU 

0479 im 

1SS6 


Jk 

HSkNKF-1 

mtb 14 

ib% 

NSkNK? 

INC 

0 

04a: OF 

M7 


w* 

w:<t> tbfc 

i.m 


JR 

NC, MSkMC2-l 

047f 78 

ib<& 


U) 

at) 

0440 87 

i m 


RLCB 

0441 07 

im 


RLta 


0442 87 



HOO 

fllb. 

0447 :<c 

im 


INC 

H 

0444 i£i:< 

im 


LD 

hSKYO 

0446 H 

im 

HSkNKF 

HOP 

HI. 

0447 HE 

im 


MR 

(Hi.) 

0448 kS7k 

my 


HNO 

7LH 

8440 2807 

im 


JR 

?, HfiNOLM 

044C 8k 

im 


XOR 

(HI) 

0440 77 

im 


ID 

<Hl >,H 

044k. FS7F 

jfc.ii 


HNO 

tWH 

045(1 47 

im 


LI) 


0451 78 

ifci:< 


LI) 

HA 

0452 C9 

im 


Rfcl 



im 

; NOW lfcS’l HflWDLLS 

0457 011004 

ifcifc 

HRNDIF: 

It) 

hu tmmn 

045k. 27 

im 

SHI UP 

INC 

HI. 

0457 H>78 

im 


IN 

MO 

0458 FF 

\m 


XOR 

01.) 

0458 2005 

im 


JR 

W, SHHn-l 

045k: 0f; 

ifctf 


INC 

c 

0454) 10F? 

im 


DJN7 SIMM 

0451 78 

im 


ID 

H/H 

04 Mi ( 0 

im 


kLT 


H4S1 CB67 

im 

Slim: 

m 

4,H 

04S7 'Mi 

im 


JR 

7, JOVS-* 

0485 kS10 

im 


HNO 

10 H 

0487 Rk 

im 


m 

(HI.) 

0488 7*7 

im 


ID 

<H>,H 

0480 88j 0 

1 fc!<0 


HMD 

10H 

0488 47 

ifc:<j 


ID 

KH 

h4m ,7 

im 


tl> 

H» V 

048| i li,-' 

im 


kltR 


04 8f 

if..<4 


SUR 

IKK 

04. u c.y 

im 


RH 


0471 8k 

ifc:<fc 

J( /VS: 

Mk 

(HI) 

0472 77 

Ifc.V 


ID 

<HI),H 

04 77 k.88k 

1 fc.<8 


HMD 


0475 47 

im 


ID 

Ml 

0478 79 

im 


to 

fi,C 

04*77 07 

1641 


RICH 


0478 0808 

iW 


SUB 

HHH 

04*78 (9 

Ifc-O 


RfT 



4 , 301,503 

i NOTHING DONN 


i BIT COUNlkR 


> »v=tin*4 

; + UtUMN 
; KlIS 1 


i KkV-OKkV? 


; KkVBOHRD kfcllfcN t4J0t 


; -> OSH0 
; CMWkk IHfc 2 


i NO CHHN(€ 
i kkltWt 0 

i lhST lkKtt.k 
; NO lklG MUSI Hk JOYSTICK 
; Utllk OUT IklGGkk 
; IFOHTk VH.Ufr 


; Ui kWl Ni.MBkk 

i *2 


i NO MfH* IN lkl(i SO SUM: SlkHllW 
■, 1«0 Okk lkittfk 


IMS ; TIHkX 

IMS i INKHS HL-> 1 IMF. UHSk IN kflM 
1 847 i JVllHk HHSk MODULUS 
1648 ; OM8SK flS IN PkCCIS 

IMS i PlIkKtt : TO l*.CR TtHkBHSk HNO Ik 0 RtSkT IF HNO OK* 
.1650 ; tWKIkk TIHkkS 
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4 , 301,503 

127 128 


04 7* 35 

ifto UHfcX: DEC: 

(HI.) 

1 ; dectimewise. 

047C C8 

465? 

rh 

N7 


W7t> 70 

1653 

LD 

(HL),H 

; kESEl IlMEWlSE 



165b 

i HOT-: DECREMENT CttNIEk 

TIMERS* 


1656. 

; JNHI1S: C=HHSK 



1657 

; USD KV HC11NI HHD DfttlS TO DECkEHEKIS CTS UNDER' HHSK 


1659 

; HR54C- < Ik WW THEN Utt- CORF&POMklMi- 


1659 

; Cl# , Ik MT-h IERVE Cl# HONE 


4668 

i NO'lF: HU 

couniprs Hki 

mu JN BCD EUR ERSV D1SK.HY 

04 /F 0608 

1664 

UltfY: ID 

8/ 8 

; NO If HITS 

0488 21D54F 

1662 

ID 

HLC18 

; ->10 COUNTER 1 ] Mt-lkS 

048 ? 1600 

1663 

LD 

D>0 

; RESltlS 

0485 CKO 

1664 

T)IH P: Ski 

C 

; CHfiNtt THIS TIMER? 

0487 sm 

1665 

Jk 

NC, HIP-* 


0488 7F 

1666 

U> 

ft,<HL) 

i CE1 THE. Tlhkk 

848fl B7 

1667 

OR 

H 

; IS 11 ZERO Hf.REFDY? 

048H 2886 

1668 

Jk 

7, HI P-1 


048f) :<{> 

166.9 

dpi 

H 


04$ 27 

4678 

m 



84$ 2001 

1674 

Jk 

N7, +3 


0481 37 

16V? 

SO¬ 



0492 77 

1673 

LD 

CHI), ft 

; STCM: NEW VH.lt 

8493 23 

4674 

HIP: INC: 

HI. 

■ 

0494 MH 

1675 

Kk 

D 

; KOIHIES IN CflkkV ELHti 

04% 10H> 

1676 

DJN7 Ill'll P-1 


0498 :<nm 

1677 

ID 

ft, (ClINI) 

; COUNTtk lEDHTHNUmt k lkflCKlk 

04$: P? 

4678 

c* 

D 


04$: 32D04P 

1679 

ID 

(CUNT), ft 

- . •* . 

04$ (9 

1680 

kti 





469? 

; NftflF 

: IlMPP Pifn INI 



1683 

, KMUSE : ID UkDrilk Dili 

i 1 Ilf, 1 llioin HUD Hlt.ic: 


1684 

i INPUT 

s 

(HHKHS: ■ 

HONE 


1KHS 

i l*H|> 

PI ISM 

V‘i‘!H KK’ISllkS (HI/ lit • It.HI ) 


iKStn 

11 HP 7: 



. HSHflts von msi: on kEos 

MM 21P94P 

1607 


ID 

Hl,Pk)Ok 

; HR10kHY=-l 

04H3 (841 

1688 


011 

5,01) 

;CHECK lk UCKS OVEkMN 

0485 (.0 

4689 


kPT 

H7 

; kEWkN 

04(K. cw*. 

1690 


$1 

1, <HL> 


0408 P8 

1691 


PX 

DP, HI 



169? 

; *SIX1Y1TH Ok H SECOND lNlkkll'T* 

0409 2iPft4P 

4693 

. 

1.1) 

$ , HUNT 

i NOTb I1MFR 

04HC; 7H 

1694 


ID 

ft, (HI) 

; =-9 SKIP 

04(f) 87 

1695 


(fc 

ft 


04 ff 2850 

1696 


Jk 

7, S1XV-1 


0480 35 

1697 


DPC 

(If ) 


04 w 2000 

1698 


Jk 

N7, STflKD-* 


0483 P.5 

4699 


KISH HI. 


0484 DDH5 

1 700 


KISH IX 


04%. an 405 

1701. 


CHU 

HUTCKI 

; Ki DO NFX1 NCH> 

04$) DC-4 4 

170? 


w 

IX 


048H FI 

1703 


Kf* 

HI 

■■ 

048C 48$ 

1704 


Jk 

S1XV-* 


04$ K0 

4705 

SlHKCi: 

PX 

DP, PH 


04$ C87P 

4706 


HIT 

7, (HI) 

- 

04C4 F8 

4VW 


PX 

DP, HI 
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129 


64 u* vm 

ym 


JR 

H7,81XV-* 


64C4 *0 

1709 


m 

6 


84 C5 TO 

rm 


DFC 

H 

; =1 QUIET NOTE 

04C6 zm 

1711 


JR 

M7,5JXY-1 



174? 

■, Frti 




04(1: o:<16 

i?j;< 


on 

(VMRB), fi 


84(11 [>:<15 

171 A 


out 

(VM C),R 


84CC Z< 

1715 

81XV: 

INI: 

HI 


64(D 35 

1.716 


m 

(HI.) 

; 1F(—THk68<8) 

84 ft F70785 

1717 


jp 

p, gout 

; FIT ONHRM) 

84M :<6:<B 

1718 


u> 

(HI), 5.8 

> THEN TMk«t--5.8 

04 d:< ?:< 

1719 


INC 

HL 

; -> TIHCin 

04D4 EB 

1770 


FX 

OF,11. 


6405 ;if.:< 4 f 

1 YA 


If) 

HLKFVSFX 

; SET SECONDS UP 

04W? CBFF 

i m 


SET 

?, (HI) 


8400 KB 



FX 

DF,HL 


04 W : 7F 

1 YA 


LD 

a (HL) 

; CHECK IF TFkii 

84DC 87 

ira> 


(Jk 

h 


84DD ;m 

i r<* 


JR 

T.GTJMFk-* 


84D1 75 

i m 


DFC 

(HL) 

; DEC 11IK1IT 


vm 

, *8RMF. TlttFR DOCK H 8FC0NI) Will lit* 



i IF 

(SFl: 

!- 6 1 MIN ! 

r 0) 


i/<o 

■ 

) 

IF (5FC “ 8) 



mi 

♦ 

t 

SFC-58, —M) H 



m2 

i 

H St 

-SPC 



i /:<;< 

i FI. 51 DfHf llMHIk-l 


84 F 6 ?!< 

YM 

minhc 

)»(: 

HI 

i *>M SF.CS 

(Mil f'K 

1.7:6 


ID 

H) (HI ) 

; IF (SFCI-0 

84FT 7< 

17!<* 


INC 

HI 

;-X»TI11NS 

041 < P6 

1777 


OR 

(HI ) 

; 4 HJN! r H) 

6411 T8i;< 

ms 


JR 

7. MOM 


84F6 78 

17!<9 


W: 

HI 

; -XflSFCS fiOHIN 

8417 7F 

17^(i 


ID 

H. (ft.) 

; )b <SFC MO 


•4 


04F8 87 
84U' 

WFP -fv 

04H) n 
mi tf 
w»> :<i> 
wm 71 
mi ~n 
m? m 
wh :<t> 

04F8 7? 
0416 77 

my im 

64F8 L1F84F 
04FC CR46 


17-11 
1 747 
I74.< 

\m 

1745 

i?46 

174? 

1748 

1748 

1.758 DIM: 

1751 

1.75? 


1754 010?: 

1755 


l* H 

Jk icmom-f 
ID (HI.), tali 

INC: H 

lb a (hi ) 
m h 

D8H 

ID (HL),R 
Ok 0OUT-* 

DFC H 

m 

ID (HI ),H 
OR («n-$ 

ID HI., (Won 
BIT C»SBTia (HI) 


, 1HFN SFl--5.8WT> 

> -XilMJMS RMUH 
; -HIM 


i 


Hi* -5EC 


; Hi* Gf*FI IMPUPrl 


Wfi ;hk> 


OR Z, GOUT-* 


8588 CBFF 1757 

0587 71F84F 1758 GOUT 

8585 Cm 1758 

0587 C8 1768 f 


sft psoend, on 

II) HI, HR] DR 

kE5 1, (HI.) 

RET iRETIRN TO BftCKMD DR 10 LEVEL 


176? ; NRIt: STHR'I MU7CHI 

1767 i KKPU8F ID S1RRT MUSIC HHVIMli (H 80 N01SF5) 

1764 ; 1NHHS: HI -> SUM- 

1765 ; ftrVOHl-S 

1766 ; NOIL: VW SHWU> LORI) 1X1/48 IF V«J IXi CM I S 
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05K-: X-M-SF 
05OH WSAm 
osof cj4 (i<i 
H51? iWK 


}?FV mt.41 ID (VOICFS).R 

1/68 ID (MU£*), IX 

UM CHI IM'MP 

1 m JR hir/CPi-l 

1 m i NM1F MU/CKI 

\m ; PUDK6F: FI HYING Ml&lC RND NlH’+S 

1773 ; NOTF: DUHiWi WHFN IMlFD 

1774 i OUTPUT: NOfif- 


1775 ; *ttfl(: PW* FOSOk* 



1776 

♦ 

t 

FFTCH UK M!f 


1777 

» 

IF (0P0U1+ < HOH) 


1778 

4 

I 

SF1 NOTF WJkRTICM III 


rrn 

i 

F'5F 


1700 

i 

SMITH (OKOOF. ft w . I) 


1701 

i 

m* «0H: 


1.782 

> 

IF (MfftOK) STUFF SNDRXi K--FC+D 


i7e;< 

t 

H SF DUTiWKMhHO-DHIH 


1784 

t 

CRSF m . 


1785 

J 

VOllFS^lTR 


1706 

J 

CRSF HOH 


1707 

i 

(—SF)d)FtTH IN N1HH.F OF UP +1 


1700 

i 

mt. m -. 


1700 

/ 

SFT VtK (Ilf s - l-ft'lM. Dfdh 


1790 

i 

(HSF (OH: 


1791 

* 

y 

SWITCH <HHSK> 


i m 

i 

LF6P D: MPU-(HSP++>; MPCH^(MSP*+>; HFfFlK 


179? 

j 

CHSfc D: (—HSF)-HFCH; (—MSF)-I«1 


ITS* 

/ 

(fSF 0: IF —(SP)-^O 1HFH SF++ 


1795 

j 

CHSF K: HPC-Dfl 1 W.6 


17% 

i 

(MSI DOH (Ml RFIRYIVI 


1797 

i 

OftSF FO: IHIkHMDlH 


1790 

f 

Cf6F FO: v100FS-0,H*lv-0 

8514 201! W 

1799 

N \’A 

F‘H if' HI . vlfl.l/K' 1 ; 1«« 1IKF MC-I.MJ 1M#'Ri HI 

rai? mum 

1800 

m/\ 

r) ID IX, (HU7SP) ; FF.ui SIHl-K WHN'lFk 

(M.H 7b 

1001 

(MW ID H, (HI) , UPUM FHCH 

051 c ?:< 

18(1? 


INC HI ;-XMkF«D.DFl1H 

0511) H7 



ON H ; 11ST Fl«< 80H OR HORF 

051b b'Httto 

10(1-1 


JF H. MOO 


1885 

} 

M.iRIIM H(i'F Of'lFHIOR 

ra?i ‘.<2bH-1b 

101% 


I D (I"Mil >,H 

0524 /H!>-1ib 

1 00/ 


ID H. (VO )(>'->) 

05?/ Ml 888 

1000 


11) HO, HWiH+SHDHX 

&5I1I ( K<b 

1009 


OM H ; SrT N01FF. 

0521 /W? 

1010 


,1R NO, +-I 

rai b!.'bi*< 

1811 


OUT! 

05 ,<M 06tiS 

1 8) 7 


ID H,t» , -> VlHkHlO 

05/? (K<b 

i0i :< 


SF1 H 

0V-', i M . 

1XI 0 


JR i;(. m 

I-'S K H > 

IMS 


mill ; SF.I VlHkHlO 

0* k »*S i>.H ‘ 

W<\* 


1D H, 1 -. . -> HOIK 

05 f ; ib; e 

1 X 1 

I':-; 1 

RRl H ; I HFOK ( , H, H 

05 <r: :<889 

1818 


Jk FK, M8M 

ra* Hit< 

1819 


0011 

raw c n:a 

1020 

MK1S Ski H ; mi K IF INI- PC W6 (W 

0547 w/ 

1821 


,)k C, M8?-1 

0V!4 28 

102? 


Dbf: HI ; W:Sl m PC 

rat5 iew 

i.8?:< 


Jk M8;<-$ 

rar/ ra 

1824 

M82 

m e 

raw ?:< 

1825 


1 Hi: H! 
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133 


0549 18F5 

i8?6 


jk 

M81V$ 



0548 87 

18?7 

m 

8k 

H 



0540 2»C 

im 


Ik 

N7/I181-* 




\m 

i PtHV NOIF 




b54F :<hd?4F 

im 


ID 

M, (PVWJlB) 



0551 D!<16 

mi 


OUT 

(VtlHHhH 



tos;< *hd<4f 

18*? 


ID 

H> (PVWHC) 


£ 

es>6 o:<i5 

i8.<:< 


OUT 

(VOl.D/H 


r 

* 

0558 0*105 

im 


JP 

MU7999 



8558 FF90 

ie;<5 

HCK1* 

CP 

90H 



8551) :<W5 

ih:<6 


Jk 

NC, MCU -* 




is*? 

i STL* f- W.IH1 OR SOUND tt.OLX 

05% C85F 

i8:<8 


PIT 

*,H 

* 

/ 

lh (SHIT SM«K) 

0561 28H8 

18;<9 


Jk 

7, MCfli-* 



656* 78 

iw0 


ID 

HP 

* 

* 

SfWF B (VSW) 

0564 01.1808 

18*11 


U> 

EC/ 8*?56+Sir-DV. 

i H^8-C^SNDKX 

0567 FT** 

18*1? 


01 Ik 


* 

* 

rt -XfrXl OPttW HHFN DONfc 

0569 10H0 

i m 


Jk 

OH OOP-* 



0568 F687 

im 

H081 

hnd 

7 

« 

* 

IStlHlL WW M.HBLr: 

056D F610 

18*15 


OR 

IBM 

• 

i 

KKTS IBH-I VU 

Krff 4F 

18*16 


LD 

C/0 


m WJkT kMilSHR 

0578 m\s 

1847 


tum 




05 7? 1807 

18*18 


JR 

OH (OP 1 



057*1 2087 

18*19 

m 

»k 

N7.« H0?-1 



0576 7F. 

1858 


ID 

ft (HL) 

i 

»:i m viiKTS 

0577 ?< 

1851 


INC 

HI 



0570 mm 

185? 


ID 

(V01CF5) f 8 



0578 189F 

185* 


JR 

OHOOF'-* 



0571 > FF88 

185*1 

HO?: 

(-P 

OH0H 



057F 7006 

1855 


Jk 

NC. nh'-t 



8581 H60F 

1856 


HNO 

8FH 



658* 5F 

1857 


ID 

F./0 



058*1 16 

18% 


W: 

F 



0595 IK* 

1859 


Jk 

M04V* 



0587 FFC0 

IK* 

m :<: 

rp 

«*H 

i 

so w. nt 

0588 *009 

1W, 


jk 

NC/ H04-* 




186? 

, 108D 

PVCii s 




0598 1 \''4F 

186* 


U 

DF PVM HD 



05# Kl i f:0 

i , 


M 

t h i 


i 

1XM) («■! MWIT K. 

c5“U riti’.i 
ft"C 1«f? 

n > k i 

186. 

'** K? 

1 : 1 J 

ik 

OHOOR-t 



(159-1 ;*0':8 

1867 

Ft’ 11 

Ik 

\ ., (1040-1 



0596 !•[) . ,4tt'i 

^68 


l>F 6 

MX*) 

* 

» 

I*(: SIRCK 1(1' 

6599 70nH 

18*9 


\k 

N7/ M041 -* 



05#: MOV 

1870 


INC 

IX 



fi'.m :•< 

18;1 


itH 

HI 



0*7-1 /■•' 

187/ 


m 

H( 



05# j:41 

18; < 


tk 

ohi p:-i 



05:0 IF 

1874 

h040 

(p 

MHiN 

i 

K: SR SHIJ 

05fi:< ;<«'/ 

1875 


JR 

NC/HOV* 



0505 F6U- 

1876 

hCKi 

HND 

0FH 

a 

/ 

ISU Hit HHSK 

0507 FF09 

1877 


OP 

9 

a 

I 

kOUkH 

0509 ;w: 

1878 


Jk 

N7/H04*-* 



0508 DDtt 00 

1879 


U) 

1/ (1X+0) 



H50F mo:< 

1880 


INC: 

IX 



ta* mm 

1881 


ID 

H/(JXf8) 



wy im 

188? 


INC 

IX 



0585 1.808 

188* 


JR 

VtlK-t 



0507 5F 

1884 

H04*: 

ID 

F, (HI > 

i 

Kl- 
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135 136 

?:< 

1805 


INC HI. 

8389 t* 

188k 


LD D,(HL> ; PCH= 

«hh ?;< 

my 


INC: HL. 

tm lh 

1888 


FX Df, HI ; SH THF PC 

&5W; vm 

1889 


CP 4 ; IS 11 H JKP? 

my 

1898 


Jk C,0PLP2-$ i IT IS 

km tm 

1891 

hom 

DM: IX ; ITS fi CM L. ^ 

050 ? mm 

189? 


ID <}X+0),D , v—SP)*i:H 

ascs roa* 

j.89;< 

HM5 

DM: iX 

05C / m m 

189*? 


ID <IX+8),F ; <—SP>=K1 

0 St.fl 18C6 

1895 


Jk 0F1 P7-* 

tttt ute 

1896 

HCfo: 

CP 818H 

ttt* XOOH 

1897 


Jk Hi* H06-.1 

05DO k6<* 

1898 


HMD OFH 

85D? Hhf'A'I 

1899 


ID 8,0 

03M 4F 

1.988 


ID C,ft 

®W W 

tm 


LD D, H 

05K tO 

tm 


LD bL 

05D/ 09 

tm 


HfX) HI., PC 

«» 18k6 

190*1 


JR HO 4*1-$ ; CfiLL ’ 

850ft :«w 

1985. 

m 

JR N7, H061-* 

8501 

1.900 


LD fi (PRIOR) ; liGSlH 

05LX R-HO 

1907 


Xflk 80H 

esa r<*w 

1908 


LD (PRIOR), h 

tfSH 18H; 

1909 


:M '>1 P,'-* 

G5T». hr Hi 

.1 *10 


CP OF OH • kh.Sl VOlCfc (OR SUSlfflN) 

ra s an ? 

1 9:11 


Jk 7, MU7S1P-* 

051 fl 7K 

1917 


ID fi (HI ) 

&5hP TTLH'IF 

191 < 


ID (LXJRPT),P , ShT IXKHTKJN Oh OU hT 

65H- ;:;< 

191*1 


INC HI 

85Fh fih 

19:15 


XOk H 

W5Mi !>;<jf. 

1916 


OUT (V(HHP),H 

m? i >:<is 

1917 


flUT (VU.C),H 


1918 

; hND Oh Mi 1/1C: PROOhSSOk 

osm 72 th *l 

1919 

hi 17,999 : 

I D (HUM:), HI ; ^HVt IHT W, 

05F 7 DIWIWF 

19?0 


ID Ott'Sk), IX i Wr iHr SIHCK KliMHK 

85f h C9 

1971 


kkT 


1W 

; NHMP 

HI.I/SlD 


19?:< 

i PURPO'h: MOP imk'l/H K«klS 10 0 

05I C 9F 

197*! 

hi 1/918 

m h 

85hD X’hH :h 

1975 


ID (KIRhl ), H 

0600 :Ch c '-;h 

1 K'f. 


ir ;pk)rv>, f; 

OfH< Ml 1 VHX 

1^77 


ID Hf H‘OH+90f»f:X 

Mf.ft*, Hv v 

1V8 


(HO m.H 

luMr: hh 

is;n 


DIN/ 

0nMH t 9 

19 <0 


khl 


19.<7 

i NKih; 

IXl 11 


19<< 

; PUkkOSk lWWSkkk tlWlktl iCi USkfc Mffll TkHNSlll(M HttW.EK 


19 >4 

; ) NK.il: 

R - W-HMJ (;U* tkOH <4NikV k'nnifft 

► 

19.<5 

f 

rt - ixi n war Hixxckss 


i.9:<6 

> <ju:kii 


1977 

i DfSCfclKl'ON IHIV KlitnilS IS USkD HUH IHk SkNTBV KWH INC 


19;<8 

i 

11 IS USkD H« DlSTflKHlNCi 10 H -THIK IkHl&lllON HHNIX.kR 


1979 

i 

winn* in kt-uMi u«* rwni M-.NTkv is nstt) in i ind:i« 


19*10 

> 

SlilkCH IHl Will IHWh 11- H WHICH IS KIM), CUNlklt IS 


19*11 

> 

lkHtDDkWD Ik W< WHICH IS HIM), IHk. WlHIHk W-llWfc Id 


19*17 

t 

iHi Don mac r- nix- up «• iHki-p hvi k h<i kvs ; 


19*:< 

f 

HVTk H BIT ?: Ik Sk i - DU h K* Hi 1 iU THIS HHHWHf 


1 <*A 

. 

Kflk H BIT S Ik Ski - IXt H WW1 10 THIS HHHI)lt-k 
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1945 

t 

BYTE 

0 HITS 5-8 

kfr.lUMCM# 1HIS WUIINC IS Id HMCtSS 


1916 

i 

BYTE 

1 Rfd) 2: 1HF HUMf'SS ICi IkRtW-tK 10. 


1917 

t 

ihe 

1ST IS ItXHINRTH* HY R 8VTI- WHICH IS . (* 8C8h 

068B 78 

1918 

HfXUTH 

LD 

FiR 



068C l>5 

1919 

mooii • 

KISH OF 



06GO 57 

1950 


LD 

D, ft 



060!:. tf: 

1955 

mm : 

LD 

ft, (HL) 


(£T RETLM4 CttX FOR 1*HIS ENTRY 

060F IF 

195? 


LD 

C, ft 


C - CUMr.Nl ENTRY 

0610 PK» 

1952 


CP 

0C0H 


LIST TFRMINHTCK? 

0612 788? 

1954 


JR 

C,MD01T1-* 


NO - JUMP 

0611 M 

1955 


POP 

DF 

i 

YES - RETURN 

0615 C9 

1.956 


RET 




065 6 2* 

1957 

MD01T1: 

INC 

HL 



0617 E67E 

195* 


m> 

tfh 



0619 Bft 

1959 


cp 

D 

i 

NORhHL Mft *lCFr> 

061R iws 

3 968 


Jk 


i 

JUMP IF SC) 

061C 27 

1961 

MW lift: 

1NC 

HL 

i 

NO MftlCH - SKIP CiVL:R 

061!) 2:< 

1962 


INC 

HI 

i 

Mi 10 HDMASS 

065 F 58FF 

1967 


Jk 

Muonw 



8628 ML 

1%4 

HWU1? 

PCI? 

Df 



0621 5F: 

196*5 

MLXJ1T< 

ID 

F,<HL) 

# 

ix - MiTO m>k 

062 ? ?:< 

1966 


INC 

HL 



062* 56 

1967 


LD 

D, CHI ) 



6621 eh 

1968 


FX 

IX /HI 



8625 CH/9 

1969 


BIT 

7, C 

• 

MCftll? 

0627 C77WK1 

1978 


JP 

N2, MMCHLJ 


JUMP IF SO 

862F; CH71 

1975. 


HIT 

6,C 

4 

, 

RCHL1. ? 

062C AW 

597? 


Jk 

N7, MkCftLL-* 



%A W 

1977 


KiP 

DL 

i 

fiisn HE JLMP 

0621 FI 

1974 


POP 

HF 



06*5(1 E5 

1975 


KISH HL 



06:<1 EH 

1976 


FX 

IX, HI 




1.977 

; kCMt 

WHIT INF 



067? E9 

1978 

MW IK l 

JP 

(HI ) 




59/9 i ********************** 

1980 ; ♦ VMOR1NO Wnt'lJNFS * 

1985 ; ********************** 


1982 

i98;< 

1981 

I^S 

.1986 

198/ 

1988 

if»w 

u»e 

1991 

1992 


i NHMP: VktlUK X iW V CUUWMNHfFS 

; PURPOSP: UPDH1E X,V CtiltkDJNft'lPS HND LIMIT CHICK 

; INPUT JX - VK.'llfc PhCKFT 

; HI - MID Is THIO 

, mm i - i hh m,y hsid 

r Hittl >KI 'HIMS SM IF MOM MUVFD 

i NOTFS: 

; THIS KM IT INF l*«KS HUH ft VICTOR Him', WHICH LOOKS LIKE THIS: 


; ***************************9**** 

; *HYTH> (UNTFNTS * NHHF * 
; ******************************** 


1M< ; * «i * HUGH: M-UlSlt-k * VH1R * 

195*4 j ******' »**»♦**<:*** ***tt********* 

199t> i * to * VkCMfc STR1US * VRSTRI * 

19% i ******#*+*♦♦ **!HDrtt****** *♦***♦»* 


199/ ; * R2 ♦ I Ilf- RRSC * VKI1MR * 

1998 ; **+****♦+*********************** 

1999 ; * (* * I+L1R X * VH>Xt « 

2888 ; * W * * VK>XH <- 

28W ; ♦***********♦***+**♦*****+*****♦ 

?882 i * (* * X Ct«d)lMRlfr * VRXI * 

2883 ; * % * * VRXH * 

?0R4 i 
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139 

20(6 ; * 07 * A CHOCKS HAS* * V8XCHK * 

2607 ; * 66 * D0I.1H V * VMM. * 

260(8 ; * 08 * * VM>VH ♦ 

200 s ; ^i^t*******^****************** 

2010 , * 8H * V (TAMHNHIO * VOx* * 

28 D. , * 00 * * V8VH * 

20j 2 ; ♦l^**:************************** 

2013 ; * 0C * V CHOCKS MASK * VKVCHK * 

■ * t*4nW+********* * 1 Wt* ************ 





M7 






28Wi 






7m 








m? 




?m 

%:« K)CM8 

;«:<» 

e*:</ mmti 

mi 

(C<J: im (i? 

w 

%:<y 

;i«:< 

to<\ y 




toA(. '<? 

m<> 

toAt Hi 

wt 


mz 

toAb j iivtt 

m? 

w IW<4 

,W(i 

i^-li CK*.t* 

:w 

ObM 

aa: 

tote m* 

;h-Va 


WA 






m t 


mb 


mb 


•toLjA 




2KC 


ms 


m* 




(TOP 


TSGi 



tote vs 

mb 

tobt liteM 

mb 

tote\ 

mi 

to&> mm 

m? 

tow mm 

ms 


OPTIONS HVIK: 

; HIT MOANING 

; 7 VFC’luk IS HCUVO 


; CHOCKS HVIO : 
; 8)1 HORN UK- 


; 0 IX) I Ihl l (HOIKS 

, 1 REVtkSI COOKDIHAIOS OH IIH1T HT'IhlMMtMl 

, :< 1ARGOT HI 1 HI HR) o a riKIl) 

, 0 I HO VOClOk IS AC11V0, HNI» THF. 1IH0 HHSO IS 'IDNZOkO 

; 1H0N I HO. UPDP.10. COOkDINHIO kOUIlNO; IS CALIOD OCK IHO X 


; AND V WKI10HS OO IHO HKKO.T. 

HVOCI: SO.T PSN/kO, (1YHWTHG) ; StT TOkO K HO 

Hll VBSACLOXWOSIHT) , IS VOClOk HCTIVtV 
ID C,(1X+V0IIHH) , IIHO OHSO TO C 
I D (1X+V8IIW).0 ; TOKO I IHO 0*St 

ID (1Y+CK),(: ; PASS HACK 11M0 HHS>fc 


KOI 7 

ID A, C 

HMD H i 

KOT 7 i 

ID DO, VHDXI ; 

HDD IX. DO 

(Hll HVOf K ; 

ID DO. V8DVI-VHDXI 


IS 1 IHO HHSl TOkUV 
QUIT 10 SO 
HDVHNCL 10 OlkSl 

(H>H10 Olk' l CWMHNHTO 
; ID V 


HlX> IX. 1+ 


; HMD OHII 1NIU ... 


; NAIIO : VOClOk C«M)1NAI0 

; KlkVDSO: HKXllO HO SlNGli COOkDINAlO 

i INkUl: IX -- kill HI Ok 1(1 L.O. DOHA HVIO 00 VOClOk WCKOT 


i C - 1 IHO 0 * 0 * 

; HL - L. 1 H 11 S 04 CKO 1 (10 USfcD) 

; OUTPUT: NONTOkO STAINS SOI IF HOI ION UCCUkOD 

; (SHOULD HO SOT C« CAUL, S1NC0. II IS N01 SOT HV WMIINO) 


• ^ • 

i THIS kUniHO OOl-kAlOS OH H SUPSll «= in. VOClOk PHCK01 
; (BOTWOON L 0 DOT IA BYlO HND CHOCKS HVIO). 

; IHO DOITH IS rtXXD 10 IHO CMftDlNHTO TIHO-OHSL HOIS. 
i 10 CWIONOD, UH11 (HOIKING IS 0Ct4t_ 10 THE (HOCK TAILS 
; THO COOkDINAlO IS SOI 10 1HT LIMIT. 

; WHOH IHIS HflHVONS, IHt LIMIT H11H1N0D Pll IS SOI 


hVLCTC: KUSH HI. 

CD D, (1X+VWXH) ; LOAD D0I1H 
I D 0, (1X+VWX1) 

LI) H, (IX+YCCH) i L.CM) (ItW)INHTO 
ID I, OX+VOCL) 
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0663 K 
0664 41 
866b 15 
8666 10ED 


?fte5 
2066 
296? 
2868 

8668 RC 2869 
0669 2884 ?070 
0668 EDC80886 2871 

20 ?? 

0661-' DDC88446 2073 


142 

S8VF CU) C00RD1NHTE FCR KM(M TEST 

FDD DEI 10 TO COORD 
TIlfHMSfc TIMES 


141 

ID 0.H 
LD 8,0 

HVhCTl: HOD HI, 16. 

DON? HVECT1-* 

; HHS MOTION COT? 

CP H 

JR 7, MVCTiH--* 

RES PSHZRO, (IV+C8E186) ; Shi MOVED SI 01 US 
; IS i.IMll CHECK NfiHTED? 

MVCTJH: HIT VRCIHT, <1X+VRCCHK> 


JUMP TO SKIP I E-STS IE SO 


... - 


%?:< mi 

2674 

JR 

i mm.-* 

; HVECT6 IF NOT 


2675 

; PE'kECMI LIMIT CHECK 


D67S 7C: 

2676 

LD 

H,H 


0676 t:< 

2877 

FX 

(SP)iHL 


B677 46 

2678 

LD 


; LIMIT TO 8 

0676 23 

2079 

INC: 

H. 



2000 

; HHU4E SUOH'lLY LESS 1HHN 2EJ<0 CHSE 

0679 FECF 

2601 

CP 

207 

i MIDPOINT HETMEEN 160 HND 0 

067B m M? 

2602 

JR 

NC> HVKC12-1 

; JUMP TO PHIl IP >287 

0671) BP 

7083 

CP 

H 

; DO COMPERE 

0671 .m 

2684 

JR 

C#MVFCT2-* 

; JUMP l« EHH 

0606 46 

26tb 

LD 

H, (HI.) 

: LRPEk 11MIT (HECK 

0661 BP 

2866 

CP 

H 


06R? *020 

2607 

JR 

c,nvra>$ 

; JUMP ME PH'S 

0604 3 

2868 

MVK12: INC 

HI. 



2609 

, R I lMIT HHS EXCEEDED - 

SET COORD)NHTE NT LIM11 

068b M)7«i:< 

2050 

ID 

<ix+vbchib 


0686 DIV<6D20B 

;ii9i 

ID 

(IX+VBCl ),B 



0680 IJ008WI6 


SE.i VU1.HT, (JX+VDCCMK) ; SET UNIT HTTHlIf D 



2093 

i IS REVERSE 

14L1M OP it ON StT? 

8690 El 

2854 

POP 

HE i CI S ON UP STOC K 

0691 I448044E. 

,'iftb 

m 

VEtREV. .’X+VRCCHK) 

069b CO 


m 

2 ; OUI'I IF N01 


lift? 

i PEVERsE 

PI 1100 

06*. H 

;ti90 

ID 

H, D 

m/ ;i 


CM 


Of.* S7 

2 m 

ID 

l>, H 

069s /K 

2i 61 

LD 

R,E 

869ft 2E 

2182 

CPL 


8698 5E 

ms 

ID 

E,H 

069l 13 

2164 

INC: 

Dt 

069D 14)7308 

21.05 

LD 

0X+VH41 >,E ; STORE WHC 

06H0 WM 

2166 

LD 

(1X+V8DCH),D 

86H < C9 

210 ? 

RFT 


06H4 23 

:i06 

HVICTIC INC 

HL. i STfcP EAST LIMIT 

06HS E3 

2169 

F.X 

<SP),Hl ; H. * COORDINATE HOHIN 

0686 DD/S8? 

2110 

HWCT6: I D 

(IX+V8C1 ),L ; STIRE HACK COORDINATE'S 

06H9 00/403 

2111 

ID 

<1X+V80H),H 

B6HC El 

2112 

Kf 

HI ; RFSTORE LIMITS POINTER 

06H> 14488491 

2ii :< 

RES 

V8Q HT, (1X+V8CCHK) i CtEHR H1TH1NED 81 

0681 C9 

21.14 

RFf 



2116 

; #*******:Mt**)Mt***** **4^**4* 


2117 

; ♦ P6IN1 PFCITOF ROM INF * 


2116 

; 4o|t*4i***iWt 1 Mi4et^**4r«**4^**** 


2119 

UM4L ♦ 
t rmi ir . 

PfilNI RhtTHMC4E 


2120 

; JNKJ1: 

H - CCLOk HftR TO Hkllh 


2121 

* 

8 •- V SITE 


2122 

• 

# 

C - X SITE 


212* 

• 

» 

D - V CCKRDINHTE 


2124 

m 

t 

E. - X LICiRDINHlE 
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0687 R6 

m* 

MHtlHT 

: Xtfc 

ft * 


8603 (WH* 

1176 


im 

RtllW 


tm fh 

21.27 


EX 

DE,HL 


m/ chm 

1128 


SET 

6,H i 

UMMhGIC 1HL (** [>*** HDOk 

ms \r.m 

1129 


otn 

<MHGJC),ft 



2130 

i 

xor 

H 



2131 

i 

LD 

<LKlMftL),ft 

; HOME THE S(H 

mv vmw 

n:<? 


ID 

E, (IV+CBfi) 


06W 79 

;ix< 


LD 

6b t: 


my w- 

21.34 


Rfctfl 




2135 


KkCfl 



86(1 6.636 

1136 


HND 

K6H 


«f::< :c 

2i:<? 


INC: 

H 


06C4 b? 

21.38 


LD 

D,fl 


estb is 

2139 

HKI1: 

DEC 

D 


06C6 2887 

2«B 


JR 

2, ME12-* 


0600 ;<B6 

214 i 


LD 

ftftFEH 


efcfi ium 

11.42 


CHI 

STRIFE 


mi) 

11.43 


JR 

MRH-$ 


mi 79 

1144 

HRI2: 

ID 

ft, C 


&6D8 E683 

21.4b 


HND 

0:<h 


06D7 :<c 

11.46 


INC 

r 


86D< 46 

2147 


LD 

C,ft 


e»6w rf 

1148 


XI* 

h 


06Rb «) 

1149 

hFT.C 

DEC 

C; 


061* 2006 

21.58 


JR 

7, MR 14-6 


061* 06 

11 bl 


RRCft 



06P9 06' 

11 b2 


RRCft 



m*\ cm 

;ib;< 


MIX) 

ft, 110000080 


mi: mv 

;i.b4 


JR 

MR13-* 


mi mm 

115b 

MR14 ; 

vm 

STRIFE 


my « 

11 % 


X(* 

ft 



215 * ; HtJ!> kHI I JUKI ... 

; Mklkk WlMlkk 

i HI - HtH*kSS Ok STklkk H - IXllH k =1*6K B - ITHkHTKWS 
i'iCU ; HUT Ht-H+J H •- CIOkM-kkl) 


8667 6 b 

7161 

S'lkih'6 : 

RUSH HI 

0663 (5 

1167 


RUSH W: 

066.4 3211 06 

7163 


ID 

(UkllDf! >,H 

8667 :<H \ 46 

;i 64 


ll> 

ft, (UR)NM +4001X1) 

066 ft 46 

116S 


II) 

C,H 

06M: 7ft 

;i ha 

Sikftj. 

ID 

ft. 6 

tm H6 

7167 


XI* 

(HI ) 

D-.6D HI 

716ft 


HND 

{: 

0661 ML 

71t>9 


m 

(HI ) 

0666 77 

117ft 


ID 

(HI.), ft 

0661 7D 

1171 


ID 

ft,l 

0661 C611: 

1171' 


HDD 

ft, 6?VT6H 

0663 ff 

1173 


ID 

l.,H 

0664 7C 

1174 


LD 

ft,H 

066 b CEHH 

117b 


HOC 

ft, ft 

e&y w 

1176 


LD 

Lift 

B«-u mi 

1177 


D.W STkH-* 

H6kkl Cl 

117ft 


w* 

HC 

B6kH kl 

1179 


FOR 

HL 

«k'(; 21 

21.80 


INC: 

HL 

B6FI> C9 

11.01 


RET 



11ft3 ; **t**4i*t+4”|r3|t4r4i**4t4i 

1104 ; ♦ HRH6 kOUT)M6S * 

11 £6 ; *******^**+****** 
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a to 

2187 

2188 


A 145 

NOlhS: 
INKJ1: 


146 

IH CKNhkH. (M LINti SKAUNCK KC lit Hkllt ROKIJNES IS: 
HI - HhllhkH WWSS 

d - v (mi) mm f 



2109 



k «■ X CWKDINHIK 


2190 



0 r V S)X> 


2191 



C - X S12K 


2192 



R - MAOIC kFGISTKk 


219* 


OUTPUT: 

Dk r SCkPPN ADDRESS mb 


2194 



THESE POUT)NFS ARE NESTED, FOR LXAHK.K Wkllk 


219b 



kRIlK WHICH KALI S INTO WkIL WHICH LHLLS INTO 


2196 


F.NlkY: 

write from vector 


2197 


INPUT: 

HL PATTERN HDDkFSS 


2198 



IX =■ VECTOR ADDRESS 


2199 


OUTPUT: 

IX... ft 


2288 


S1W: BKH1S: H.HNK Ml SKI IN VtCIOR SIRIUS KVTfe 

«he imm 

2201 

MYRRH: LD 

ft (1X+VHMP) \ LOAD HR 

0 m DDSSOH 

mit 


U) 

D,<1X+VBYH> i LOAD V 

07M mm 

ms 


LD 

E,(1X+VHXH) ; LOAD X 

m / mmn 

2204 


SKT 

VFM NIC (1 X+VHSTAT) i SKI HLRNK Hll 


2205 


KN1RY: 

WkllK PKLHT1VE 


2206 

j 

PURPOSE: 

WRITING RELATIVE PRTIUMS 


2207 


INPUT: 

HUX,H 


2208 

i 

an put: 

Dt 


2209 

j 

noth: 

PATTERN IS PkkCkkDkD RV PPL ATI VK DISK frCFHKNTS 


2210 

i 


(X FIRST, IH HI V) AND PHIIKPN S17K. 

070H kb 

22U 

MWklTP: PUSH Hk ; SHVh Mk 

07UC 7k! 

2212 


LI) 

A, (HI.) ; IIT RFL X 

WTO 2T< 

221 * 


INC 

HI 

em 8? 

2214 


MX) 

A,E ; ADD TO SUPERIOR X 

em 5f- 

221b 


LD 

K,A 

0710 ?k. 

2216 


ID 

ft (HI) ; SAM STORY KOP Y 

0711 ?:< 

2217 


INC 

HI. 

071? 8? 

2218 


MX) 

HiD 

071 :< b? 

2219 


ID 

D,R 

0714 kl 

?2?(i 


POP 

At 


2221 

• 

KNTRY: 

WkllK. WITH PATTERN SJXk SCARE-UP 


2222 

• 

> 

PURPOSE: 

WRIT Ilia VHR1AHLF SIZED PAT TPkNS 


222* 


INKIT: 

HI,EX,H 


2224 


an PUT: 

IX 


wss 

i 

NOTTS: 

KIRST TWO ttYTKS KONltD HT HY HI Hf(K THKKN 


2226 

i 


TO Ht PATTERN S17KS (X SI2K FIRST) 

071b 4k 

2227 

HHknV: ID 

I* (HI) i (0 X SJ7K 

871 f ?:< 

2228 


INC 

HI 

0717 46 

2229 


ID 

K (HI ) i AND Y 

0718 ?:< 

??:<0 


INC 

HI 


??:<i 

j 

k-NlKV: 

WRUK WITH COORD 1MHVK (XXJVbkSlON 


y*o 

t i V. 

i 

INPUT: 

HI.,l+/HC,H 


/ .r,', 

/ * .V' 

/ 

OUTPUT: 

IX 

i n • i'll 

> *7l< 

, 1 

hi Ml (Htl 

hPHHf: ; IXM (HWKRblON 


1 1 -. 1 


KNIPY: 

WkUK KMiliUK 


2? ^ 

t 

1 NilII : 

HI / 1:( . H As Hf :t *Vt 


??</ 

# 


IX - AHSatllK SCRKKN HH)kKSS 

8? 11 CttV 

??:<8 

MURCIA: HIT 

MRHOIMI ; KHX MR11K NHN1KD? 

0?i > m 

22:<9 


JR 

N7,MWRTH-$ ; MWRTFl IK SO 

0?:ii ck* 

2240 


HIT 

HRXPNMI ; KXPHNI) WHN1KD? 

0<w Jim 

2241 


JR 

NX* HWX-f ; JIUP IK SO 


2242 


; DO N(*MH ? Mkllt- 

07IM ft- 

224* 


XOk 

H 

072S (5 

2244 

MWkT: WSH Ht 


www.FreePatentsOnline.com 



4,301,503 


147 


vm 

2245 

WISH b * 


mt 47 

:>?a$ 

ID 8< H 

; »*0 PbOlSlbR 8 

0726 hi** 

zrn 

LD1R 

, Hkl lb H LIHb. 

vm i? 

ms 

ID (DL)»H 

; HUSK lbfr SHIblbk 

0721: t»i 

2249 

POP Dfc 


0721; m 

225* 

EX 1#., HI 

i HlNMf TO NEXT LINE 

0721) 0k2*8 

2251 

LD C»bYTbM 


0721 09 

2252 

ADD HI., 80 


0778 bB 

225* 

bX Ob, HL 


mi « 

2254 

POP It 


0737 101 

2255 

DJHZ MlK l-b 

; 10)8 IE MORE GOOIES 

0774 C9 

2256 

ktT 



22*7 ; Nkllb EXBHWbl) 


0?3b PS 

2258 HWX: 

bX Dt,Hl 


0736 Cb 

2259 MUXj: 

WISH 80 


0737 bb 

2268 

KISH HL 


073b: 11 

2261 

LD 8, C 


0739 ifi 

2262 HHX2: 

LD A, (Ob) 


073R 13 

2263 

INC Db 


073H 77 

22*4 

ID (HL),H 


073C 2!3 

2265 

INC: HL 


0730 77 

2266 

LD 


073b ?:< 

2267 

INC; HL 


073b 10b 8 

2268 

ojh7 hmx?-$ 


0741 70 

2269 

L.D (HL),B 


0742' 2'3 

2278 

INC HL 


0743 79 

2271 

LD (HL), 8 


0744 hi 

227? 

POO HL. 


074b (120 

2277 

LD C, 8YT88L 


0747 09 

i')’? 6 
c.c. ( 1 

HDD HL., Ht; 


0748 Cl 

2275 

PCiP PC 


0749 108 

7m 

DJN7 HNX4-1 


074H C9 

2277 

kb.i 



22'78 ; ban I Mb 10 KflHOLb. hLOPBbD CHSb 

074C CBbb 

2279 MHkTH 

: BIT HRXPNM 

; PXPHNDbD PLOWED HKITE HHNTED? 

071b! 2!tl6 

7m 

JR N&MHXF-* 

i JUMP lb VEP 

07bB fib 

rm 

XOR H 


07bl Cl) 

2282 WRF1.1: 

PUSH PC 


07b2’ Ob 

22b;< 

PUSH 1* 


07b.< 47 


LD B,H 


07b4 bWH 

£16 MRU 2: 

ID) 


07Sf. 18 


DK: W 


07b/ 18 

2287 

Dft l*. 


07b:: bHV.87 

2288 

JP PblMU' 


87b8 12; 

2289 

U) (1>L);H 

; HUSHkTH 

07bt: M 

2;-*% 

Kip LHP 


0/M' 18 

2291 

LX DP,HI 

, shn os wmm noi oh 

07M O 8 

Vju'b 

i <• , f 

ID \ , HV'lLPI 


(CM' (<9 

7m 

HH> HI »HI 


0,>.1 b 8 

VK|,4 

1 P 1 

IX Dh HI 


0762' (1 


m K 


0763 IOC 


DJH7 HkFl.J-6 


076b C9 

w< 

RF1 



0098 ; WKITh bXPHNDbO HM'Pbl) 

win INK 

0766 bB 

2299 MWXF: 

PX DF>HL 


0767 Ob 

2:418 MWXKJ 

: KISH W; 


0768 bb 

2:<w 

KISH HI 


0769 41 

2:<«' 

ID Hit 


07(8 JH 

7m MWXF 2 

: ID Hi(DE) 
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0768 i:< 

zm 

INC: 

l* 

076C 77 

?m 

ID 

(HI )>H 

076D 78 

2m 

l*C 

HI 

m E. 77 


LD 

(HI )»H 

B76L ft 

zm 

m 

HI 

0770 J«8 

zm 

DJH7 MHXK'-f 

0772 70 

2346 

LD 

(tt.)ifC 

vm ft 

?:<n 

DEC 

HI. 

0774 ?0 

?w 

LD 

(HL.)#B 

0775 El 

?m 

POP 

Hi 

0776 tit ft 

?m 

LD 

C# ftVTLPl 

8778 00 

2:<is 

HDD 

hlk 

0779 Ci 


rap 

BC 

0778 j»i: 

2<i ? 

DJNZ HHXH-* 

077C C0 

23i» 

RE1 




; NfiHE: 

8LRNK FROM VECTOR 


2320 

i PURPOSE: 

BLRNK NJ1H INTO LORD ER«1 VECTOR 


2321 

; INKIT: 

IX - VECTOR 


Z3K! 

/ 

E - X SITE 


zm 

i 

D ■ V SITE 


2324 

; NOILS: 

THIS ROUTINE BLRNKS TO 80 


2325 

i 

THIS ROUTINE JN1ERR0GH1ES THE W8NK BIT 


?:<?* 

} 

8ND RETRAINS FROM URNKIMG IF NOT SET 


2327 

i 

IF IT N8S SET, 11 IS 1HFN RESET 

0770 DM80176 

232ft 

MV81.HN: 81T 

VBEINK, (1X*V8STR1) ; IS E48NK BIT SET? 

078J. (8 

2X9 

RET 

7 ; DU1T IE N01 

0782 IM8MB6 

233ft 

RES 

VWtNK, (1X+VUS18T) ; KIEL. OLGNK BIT 

07f6 mm 

2331 

ID 

H, (IX+VMJ8H) i KM) BL8NK RDDKFSS 

0780 DDEE0D 


ID 

1,(1X+V808I) 

078C DM80076 

2333 

BIT 

MRKCiP,(lX+VF»iR) ; IS FLOP SET? 

070(1 2808 

2104 

JR 

7,HVBLRj-$ i JUMP IF NOT 

0702 78 

2306 

LD 

8,E > X SITE TO 8 

0707 FD44 

z<:<6 

NEG 

i THUS COtftEMI NT 8ND 8DD 1 

070b :<c 

?:<:<? 

INC 

8 

070t. 4F 

?:<:<& 

ID 

C,R 

0707 86H- 

233ft 

LD 

8,6FFH 

0700 80 

23S4B 

8DD 

H.,8C ; USE TO RRCK IP SCREEN 8D0KE.S 


?:<45 

; UNHRGIC THE M 8NK RDDkFSS 

070(1 

2342 

HVWWL: 


070Jf{ CHF4 

?:<4:< 

SET 

6,H 

0708 urn 

2344 

ID 

H,ft ; feat* W HMC 10 ’/Ml 



- WH-: 

HUtK RWH 


234fc 

i PUkPOSP: 

SH U NO N X H PP010N 10 (SNHHrn 


?:<4? 

; INKH: 

HI - HLHNK fMM-SS 


?34ft 

* 

i 

P> X Sltf 


jwh 

i 

D “ V SIU 


2<S0 

t 

H - DHIH 10 HU HUH 

070* VK8 

23M 

INfINK.: ID 

HiKVILM. i LOHPUIP 1 Ilf IHiWWNT 

07 H0 9'< 

;*v\> 

8U8 

L 

07W 4F 

2353 

ID 


0782 78 

2354 

LD 

It ft # H • DHTR 10 Ml N1TH 

07H.< 47 

2355 

MH.HN1: LD 

HU 

0784 77 

2356 

H8L8N2: ID 

(HI hH 

078b ft 

2357 

INC 

II 

0786 10FC 

2358 

DJN7 

mm-* 

0788 00 

235ft 

HDD 

UiHC 

0780 15 

236ft 

DM: 

D 

0788 2» 7 

?:<6i 

Jk 

Mmm** 

0780 C9 

2362 

RET 
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* 7 


m* 

; NftHF: 

kFSTOkb HkEft 


23M 

; INPUT: 

HL - SCKFFN HDDkFSS TO kESTCKE 10 


?:<&> 

i 

i* *• shve Hki H amss 


?:<66 

; NOTE: 

SIZES m LORDED FROM IHL SftVF ftkEft 

07HD FB 

2367 

HkPST: EX 

DF, HI. 

07HF. 4F 

2360 

LD 

C, (HL.) 

07RF 23 

2369 

INC: 

HL 

07B8 46 

23/6 

LD 

b, (rt.) 

07W. 21< 

2:<7i 

INC: 

HL 

07B2 WF2 

2372 

SET 

6, D ; HflKF SIRE HE fikF. NOMMfiGIC 

07R4 ff 

2373 

XCfc 

H 

era C5 

?:<?4 

HRES15: KISH 

HC 

07W. » 

?:<75 

PUSH 

DF 

07B? 4? 

2376 

LD 

B,ft 

07R0 FT** 

2377 

L DIR 


0?Rfi F.B 

2378 

FX 

DE, HI 

07Hfc: □ 

2m 

PC6 

HL 

07BC 

2m 

LD 

C, BVTEPL 

BTBF 09 

2301 

HDD 

HLiBC 

07BF LB 

2582 

F.X 

DFii HL. 

Cl 

?:<*:< 

POP 

EC 

07C1 10F2 

?:m 

mv 

MRFST1-* 

07CK C9 

?m 

kE.l 

1 


?m 

; ttttW#***^*#**^^********** 


?m 

i * CHffrfC tKk MSH.ftY WMlMfcS * 


?m 

; #******«#**;«♦*:***#****+**+*# 


?m 

; NHHF : 

DlSPLftY SlklNCi 


?m 

; PUkHfSE: 

HKSSRCiE: D1SKHV 


239? 

; 1NKJ1: 

LD - X, V CttHMNHltS 


2397 

i 

hi * string hddmss 


239* 

• 

t 

IX - FCffl DFSCklPlOR 


?m 

i OUT Mil: 

DiF. Hl lF-kH) RS IN D1SKHY CHfiRftCTtR 


27% 

; SlfiCX L6F. 

4 BVTFS (EXCLUDING USE EJY SVSPCH) 


2397 

; FXHftlNftTION: US Itt.H OHRMCTFR IS KfcWGHT IN, IT 


?m 

; IS TFSTM> FOR HfcMi ft 11ST TfcRHINftTOk ( CHftk - ft) 


2X99 

; IF IT ISN'T, DISMftV CHflkftCTKR IS (.111 HD HM) THE 


2400 

; TF5T IS kF.MrHTFD MS THE NEXT lUftkftOTKR. THUS 


2401 

; ft NULL STRING IS HftNOUD PkOHMV. 

0714 Tfc 

2402 

S1RNEM: ID 

fl (HU i GF1 CHKHClFk 

era H? 

2403 

FWD 

R i Bfc IT ft TFJmiNftlOk? 

era cs 

2404 

RET 

2 ; QUIT IF SO 

era hcm? 

2405 

JP 

H.STVD1 i D1SKHV IF RL1 FCWI 

era ywa 

2406 

CP 

64H ; SUC*: IN STklNCi? 

era :<n% 

2407 

Ik 

NC:,S1kD2-$ i JUHP )F VFS 

era curie? 

2400 

STRW: CHI 

D1SKH ; SHOW Mb 

era 2? 

2409 

INC: 

HL ; HDVHNCF 10 NFXT CHftk 

07D2 5BFB 

2410 

Jk 

STRNFW-4 ; HNI) L.OOP 

era 1-65 ? 

2411 

S‘lkD2: HND 

5 0115 B i HftKF. SUCK MHSK 

071)6 4? 

2412 

ID 

B,H 

07D7 23 

245? 

INC: 

HL 

era fb 

2414 

FX 

DFiHL 

era tanaae 

2415 

GfiLL 

HSLKX1 

era cweee 

2416 

CfllJ. 

kFL.D 

era Mt:< 

2457 

Jk 

SlkNFEK ; (i0 RFlEk NLX1 CHFMClEk 


2450 



2419 

; * (HfitWIF.k DISK.hV kOUTlNF * 


2420 



2421 

; INKIT: 

H r CHf^HHFk 


2422 

/ 

C - OPDONS 
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2424 

242b 

2426 

242? 

2m 
?m 
?m 
?a:< 1 

24X2 
? 4 :<:< 
24X4 
24XS 
24X6 
24X7 
24* 
24 X<* 
244H 
2441 
244? 
244? 
2444 
244$ 
244$ 
244? 
244* 

2449 

245 0 

2451 
24b?. 
24SX 
?4b4 
24bb 

2456 

2457 

2458 


l> - V COORDINATE • 

F - X COORDINATE 

ix - Kim descriptor 

(ONLY IF- HLTEkNHlE FONT U6H» 

0U1PUT: 14- LPDATED TO POINT HT I4-X1 CHhRKC: I hk ERfME 

NOTES: THE OPTION BYTE IS EORHMFD US EOLLCMS: 

HITS CONTENTS 


B-l (IE (HIP FOk EXPWJSUM 

2-K ON (:(.» UR EOR EXPfMSKM 

4 Ok OPIUM 

5 XOR OPTION 

6-7 EUHRliFMENl EftClOk (N+DX 

CHftR'HI IERS PHHEEN 5 AND 4PH- UNO BETNEEN SI IT AND 9HT 
HE* INlEkHPE lH» Hi INK (HHEHIEkS THY (HUSK THE 

r i»-m.* h-prem mu* hv i> and e io he i pekei> ovik m 

CHCkAMEk CUSHIONS. WERE N - l,HHk. UNO. /EH 
CHARACTERS BETWEEN ;-UH HN1> TEH HPE IflEEH IlS KIEklNCES 10 
I HI SYSTEM SlAHDfikD 5X7 CHARACTER EMIT. IHHRAClEkS 
BFTHFEN UHUH HMD UEEH REFER 10 THE USLR Stitt 1H> HL1EKNHTF 
CHARACTER FONT 1H1S E(MT IS DEStttlBED HY H ECNT 
DESCRIPTOR TABLE (I THE KUOMINO EtPHttl: 

* (i ♦ HHSh ( HflKHCihk VfiLUL * 

^**+***+**++**4************** 

* i * x mvt sitl * 

++*+****+**t4****1*+********** 

* 2 * y frame si a: * 

* X * X PATTERN SI/E (BYTES) * 
*♦*+#*!(*♦♦♦*+♦♦*******+♦+*♦♦*♦ 

* 4 ♦ v tmm wft * 
****************************** 

* 5 * PATTERN 1AM t * 

* 6 * ADDRESS * 


2458 


07E1 C5 

\ 

D1SKH: FtlSH PC 

87E2 Eb 

?m 

PUSH HL 

070 DDE S 

2m 

KISH IX 

07ES ft? 

2 m 

fM> 

h 

07B mm? 

?*M 

JP 

HD1KW ; JIMP IF YES 

07E9 DD210682 


LD 

IX, SYSEHT 

07B) EE20 

<M66 

D1SCW: CP 

28H ; IS tWK < 20H? 

07EE 'Mb 

2W 

Jk 

NC, D1SC1R-F ; JIMP IE HOT 

07F1 FS 

?m 

DISCI ft: KISH ftF ; tOOP TO SPfltt OVER 

07E2 (WEEK: 

?AM 

CHI NXTFkM 

07ES CW-4BC 

?m 

CALL 

FINDEX i ST (PE IT HKX 

07E 8 E l 

?m 

KP 

HE 

07F9 :<D 

2m 

m 

ft 

07Eft mb 

2 m 

Jk 

N7.D1SC1A-* 

07EC 18XB 

?m 

Jk 

DISCHS-F ; JIMP TO EXIT 

07EE DO96O0 

2m 

DISCJb: SUi 

(IX+FTRHSE) ; SUBUtiCI BfiSE (HP 

0801 SF 

2m 

ID 

E, ft 

0802 1600 

?m 

LD 

0,0 

0884 a0800 

2 m 

L.D 

Hl,0 

0807 DD4F OX 

2 m 

LD 

C, (1X+ETHV1F) i HH.T1K.Y (HPflClEk 

080ft D04MM 

2m 

DJSCH?: LD 

B, (1X+FTYS1?.) ; BY PftTTEKH SITE 

080D 19 

2 m 

WMttC HDD 

HL, DF 
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M* 18H> 

7482 

DJN? D1SCH3-* 

8818 «) 

7483 

DtC 

c 

mv m? 

?m 

Jk 

N?,I»SIK>-* 

m:< dd5686 

7485 

Li> 

D. (IX+HPTH) ; HDD 10 IfME START 

m<> [m& 

7486 

LD 

h dX+UPTl.) 

0019 19 

7487 

HDD 

H, It 


7488 

; CMW1E POSITION MK NF.X1 CHHWttE* HOllO 00 


7489 

i HNI> SHVF 


mn cwhfis 

7498 

C HI l 

NX1EPM i SIKH COORDINATES 1(1 NEXT hkRIlfc 

m\> ds 

7491 

WISH It i SHVE 

H81f DD4604 

7497 

LD 

8,ax+nvsi?) 

0021 cs 

7493 

D1SCH4: KISH K 

0077 fs 

7494 

KISH HI. 

06/3 (1*4,09 

/495 

CM .1 

Wkll IN 

097 / m 

74 

KP 

H 

H&V DM Ki 

74 9/ 

ID 

C.dX+HKYlh) ; S1EP 10 NtXI III* It HHTltkN 

08 th o' ! 

7499 

m 

HI , W: 

»;n ci 

7499 

KP 

M: 

88K; R>7F05 

14)80 

ID 

Hi (1V+CH0 i ADVANCE V COtRDINHTE 

08tf 81 

2501 

HU) 

H-t 

0830 FD7705 

7507 

LD 

(lY+t8D)i H 

0b:<:< ic*c 

2503 

DJNX DISCH4-* 

0835 Di 

7504 

KIP 

re > M&10I& NFN K6I110N 

e8:<c CDM0C 


Cftll 

HMO ; STIFF 1* 8HCX JN10 (XW1FX1 

0839 DOM 


DISCH5: KP 

IX 

0838 fcl 

750? 

WP 

HI 

wsc ci 

7588 

KP 

8C 

«r<i> C9 

2509 

RFT 



2518 

; SUPkOUl INF 

10 CONVLRT tNLHWfJt NT FHC10R TD ITFkHUON COUNT 


2511 

; lNKfl: 

MCCe trVTV FROM UWlkXT SHVF HRFH 


255? 

i oumn : 

H*H - ITLkHlICW COUNT 

883L FD7F&6 

?5i3 

DCLClB: ID 

a(IVH«:) ; GFT hCCe 8V1F. 

8841 w 

7514 

kLCH 


m2 w 

7515 

RICH 


ew:< ure 

7516 

AND 

03 i ISttHTl ENLfRGLhfcNT EHC1«< 

0045 :<c 

751? 

INC 

H 

Wt46 47 

7518 

LD 

KH 

0847 HF 

7519 

m 

R 

0848 37 

7578 

SCP 


0849 8F 

2521 

DCLC1J: HDC 

fLH 

084fl 10FD 

2527 

DJN7 DCLCT1-* 

084C 47 

2523 

LD 

BiH 

084D C9 

7524 

RFT 



75 ;* 

; SUBkOi H J NF 

10 IJKJfilF COOfcDlNFlTES 10 WUHT HI NEXT tHf«HClEli 


7576 

# FRRHP: 



2577 

; INFUl : 

ttt«>INHlES 1H<EH EWtl («),CW IN UNTFX1 M(K:K 


7578 

; WJTKn: 

IMtlTED COfftDINH'lES KEUKNH> IN D HNI) E 


7579 

i 

an - aoEdfewo, c=tMHWt. EHCict cwwkito 

0841: CDKF.08 

7530 

NXIFkH: CHL 

Oa.CIH ; (£T I1EKH1 ION (WJN1 

8851 48 

7531 

LD 

CiB i SHVE 

8852 FD5605 

253? 

LD 

D,(]Y+(«)) i Itl Y (««i 

8855 FD7F84 

;*:<:< 

LD 

a (iy+che) i an x coord 

8858 mm. 

7534 

NX1FR1: HDD 

adX+f lESX) ; WX) X EkHllt SIZE 

0568 18F8 

;*;<5 

WN/ NXl>ki-t ; MtM HWt UMTS 

885D FFRO 

;*:<6 

CP 

168 i PHS1 RICiH'l BXF OF SCktfN? 

085* 3899 

;*:<? 

Jik 

C, NXTFk:<-F 

8881 78 

:*:<8 

ID 


88^' 41 

2539 

II) 

B#C 

8863 00888? 

7540 

NX] FR7: HDD 

H/ (IX+flFSV) ; VPP * HDVHNK VLRUCRL 
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tm> wb 

2*41 


•DJN? NXlFR?-$ 


8868 5? 

2*42 


ID 

D/ft 


ms ff 

2*47< 


m 

ft 


ms tf 

2*44 

NXTFkjt: ID 

E/ft 


mn cs 

;*45 


Rtl 




2*46 

; SlIfuUlINF Kl Mkllfc ORE L INK tf ft Pftllfc'RN WITH FNLHMf 


2*47 

i HND KXPHND 




2*40 

i ENTkY 

: HL > 

• SOURCE IX 

- FONT TftJU- 

08m: ft>4E8/ 

ms 

Hkll.lN: 

LD 

(:> (IX+FIFYTF) 

086E H6WH 

;*58 


LD 

b/R 


8871 Oft 5 

2*51 


HUSH IX 

i CRPTtW- STACK POINTER 

0K/'< h>;i^w 

;*5? 


10 

IX, 0 


8827 l>! lM 

,*s< 


HDD 

IX, SR 


08 AJ 1>H 5 

;*m 


H»SH IX 

i SRVf CAPTURED MACK 

08/0 01 

;r.ss 


0ft 

14 

; If - CRP1UMD SIHtK 

hba :<ku 

;*t* 


10 

ft, tf H 

i Sfl FXpHND ID Ml ii 

087E D*19 

;*5? 


urn 

<XPf«*>,ft 


00fti >08 

2*58 


LD 

ft.ftftH 

i SKI tXPftMJ BIT 

0882 VM; 

;*59 


OUT 

<Hf«iK;),R 


0884 ED/M* 

2*60 


ID 

fidV+CHC) 

i Ifl UMTRCt HVIK 

m/ fctf* 

2*61 


HND 

RCHH 

i JSGLftlF KM ARC* RHMJNT 

ms 2821 

2*6? 


Jk 

l, HR1I3-1 

i JIMP IP ?tk(i 

0000 0 ? 

2*6? 


rich 



me e? 

2564 


RICH 



0880 Eft 

2565 

HkTLi; 

EX 

DF,Hl 


88ft ft? 

2*66 


HND 

R 

i tttHR CffRV Ml 

at** em? 

2567 


ftC 

HL, HC 

i CtMKITF S1HCX FREJf SIZE 

0B91 EIM? 

2*68 


SBC 

HL.HC 


889K *9 

2*69 


L.D 

SP.HL 

i SKITf SlflC* SPftCf 

8094 CE*4 

2570 


RES 

fc,H 

i HMilCIPV 1HE ftDORLSS 

60% E5 

2571 


PUSH ff 


089? 41 

257? 


ID 

R»C 


0098 1ft 

2*77< 

UR112: 

ID 

R»(DF) 

i C€1 SCtKf BYTE 

0899 i:< 

2574 


INC: 

DF 


689ft 7? 

2*75 


U> 

(HL.)< R 

i KXPftHD )T 

009ft ?:< 

2576 


INC: 

HI 


089C 77 

2577 


LD 

(HI), ft 

i HHSHL1H 

0890 27< 

257ft 


INC 

HL 


08ft iftft 

2579 


DJN7 *11?-* 


00H0 CKl 

2*00 


Slit 

C 


8802 El 

2501 


TO¬ 

ff 


88ft:< 210008 

2582' 


LD 

HI, ft 

; (ifTURF STMX 1UP HCfllN 

eett :<9 

2*03 


HDD 

Hl,SP 


88H7 54 

2*84 


LD 

D.H 

i SKT If -H 

0808 50 

2*85 


LD 

t,l 

l Ft* NFX1 If ST CtMWJ 

0009 30 

2*06 


DEC 

ft 


ftftfl 2ft 1 

2 *8? 


JR 

N?, MRTL1-* 



2*88 

; NON DO HR)If 1(1 SCKFFH 


03HC: CD7<E08 

2*09 

Wk H . 

fti. 

pCLCTft 

; m ITFRRTKiH CCUH1FR 

88ft mm 

2*90 


Hll. 

ftLOHO 


0882 EltfEC* 

2*91 


LD 

a (lY+CBC) 


00ft) 1*19 

2*9 2 


OUT 

<XBftND)>N 


008? %:<e 

2*91< 


HND 

61<0H 


8889 E6t* 

2*94 


ft 

8 


00ft: Cl**** 

2*95 


CftLl 

KEITH 


08ft Eft 

25% 


EX 

ft. Hi 


08W E5 

2597 

MkTU 

PUSH ft 


08C8 C5 

2*98 


KUSH ftC 


08(1 05 

2599 


RUSH ft 
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159 , 


r> 

Mi 


KUSH HL 

4 

m:< 45 

;*w 


If) 

H/ C 


m < i in 

:*r# 

Wkllb: 

U> 

Hi (DU 


w* i:< 

;*u:< 


INC 

Dt 


KM* 7/ 



ID 

<HI.)*H 


m :/ ?:< 

Mb 


INC: 

HI 


r? 



ID 

(HI bR 


2* 

m? 


INC: 

HL 


orth ihfp 

mr 


m/ 

Hk'ilb-* 





ID 

Db OV+C-Hh) 

, IS 61US6I06II W-HUDV 

Otfl Ft-'r' 

;tio 


HND 

H'< 


PRD1 /F'M) 

mi 


Jk 

A 14k 111 

. Jim 16 NOl 

fM>'< 7b 

a-)? 


ID 

(HI )j H 


8RD4 M 

m :< 

14k i i f 

HU* 

HI 

; ST66 10 666 XI 1 6 666 

aw* rc;* 

M4 


ID 

UBYIPH 


eav *9 

Mb 


HOD 

HLPC 


bpdl; (>i 

MP 


ft* 

DF 


P8D9 (5 

2W7 


POP 

8C 


08f)fl F5 

MP 


Kf 

ff 


KW: [>:<K- 

M9 


OUT 



08U> iOFP 

?m 


DJN7 Hkll.4-$ 


8PDF DOF 9 

MJ 


ID 

SMX 

i RFSTCKF STHUC 

0&1 UOLi 

M2 


FDD 

IX 


08F■< C9 

m:< 


kFl 




2625 

1— 

£ 

I 

ammv. cw*hlter phtifkn ir&p i rNTkv 

2626 

DFFCHR MX 

ea up, ec, to, et:, #f, i g 

2627 

DFFR 

#r 

2628 

mb 


2629 

DEFB 

1C 

2639 

DFPB 

to 

2631 

DffB 

K 

2632 

DFPB 

Uf 

2633 

DOB 

«G 

2634 

EMX1 




MS 

; LflRCf 066«tf(:lfck SfcT (8 X 8) 

08F4 

M7 

UffiCHR 

0864 

26:<8 

M'FCHk 08066. 80061,00861,000H, 88866, 08866, 68866 ; 

PPFB 

?e:<9 

1* 606k Km 02066 02OH, 82066,82861, 88861, 82866 ; 

8PF2 

MB 

D6606R em 85866, 85066, 08866, 00065,00066,0O0H ; 

0869 

Mi 

D6606k 8406, 84866, OF 06,84866, 8R:H, 04866,04866 ; 

0900 

2642 

DFKCHk 02866,07866,888H. 0764!. 006)66,86(46.82646 ; 

0907 

2MS 

066(666' (Km 0C866,81866, 8286*. 84(661,8901, 018H ; 

0986 

2fc44 

D6606E 06866,89066,00861,04066,80(16,8986188(16 ; 

0965 

Mb 

0F6O6R 86066,86066, 08866, 88866, 88866,88861 88066 ; 

091C 

2M6 

DH-C66R 8186!, 878H, 82866,82866,82(46,82616, 81866 ; 


264? 

W-6CHK 8486182861,0206i Km 02066,02066,040H ; 

092fl 

MR 

OW-CHk 660816,88861,07866,86X41,87866,88866, K«H ; 

&9<i 

M9 

D6H66R 80861,86)816, Km, 8F; : ;6I, K<866, Km 8(m ; 

09_<P 

MB 

DEF6WR 88866,80066,88(46,88861,87.646,82866,84866 ; 

093f 

Mi 

DFFCHR WM (^dH. DRi/H Wi'H WttM ; 

8946 

m? 

DLFCHk UWH. (-WH. mm, tWH, PDOH. PbWi l^itH , 

0940 

26bl< 

0660666 (WH, 8888,81866,02061, 84866.88861,0im ; 

0954 

2654 

06606k 87866,88866,8806,8806.888H, 08866,87866 , 

ttbB 

265b 

DE606R KIlH, 86066, 866866, 82861, 86m, 82866,870H ; 

m?. 

2656 

066H6R 87866, («866,88866.87866,88861,88866,86866 ; 
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% 


161 


&*.y 

265? 

TKFtHR (i/rtl, em eddH, dm, em em, H/wH , 

S 

09/d 

2658 

IKKHk M OH, did!, HSHH, dm Hf-dH, in OH, (IlliH ; 

4 

09'// 

2659 

M-FtHR IK8H, dd0H, (+(*1, ma WM, dm dm ; 

5 

09 ft 

26te 

ikfchr em tmi, em eF«n, urn, em em 

6 

ttdb 

2661 

dffohr c*m em, wen K«t em whh, m«h ■> 

7 

me. 

2662 

WHIR dvm dm, MMt e/OH, dft;H, dm. d?dH ; 

8 

m< 

2663 

ikkhr won dm. em, dim. mt i, dm dm ; 

9 

dm 

rt64 

IXFCHR dm dm dm> dm dm dm dd0H ; 

• 

091 It 

2665 

IX H HR mil, Hf.Mll. deOFI, (if.HI. em K'OH, MdH ; 

) 

Hwi C: 

2(66 

IX K llk HI Oil, (i.’HH) MIX!. HfdXI. 041*1, dm, diHH . 

< 

09ff 

266? 

IKFtHR W«H. dWXI. dFfill, mkl OFdH, HWXi dm 

= 

fcKX> 

2668 

DFKHR MdH, dm, W OH, Oddi 01 OH, K'dH, dXdH 

> 

09W) 

2669 

ixkhr e?eu dm, em, urn dm, urn, dm 

v 

09C4 

2670 

IKKMk d*/OH, dm, dm em dm dddH, d'/HH 

0 

09Q: 

2671 

ikfchr am, urn, dm of oh, dm dm, em 

ft 

09D;> 

2672 

k fchr (KdH, dm dm, dt-m dm, dm, w-hm 

ft 

09D9 

2673 

dffchr em, dm em dm, em em dm 

c 

KKB 

2674 

ik fchr (KdH, nm, wa nm dm dm, wm 

D 

85*7 

2675 

dffchr wm nm dm em, dm em em 

6 

05KF 

2676 

ikfchr ofoh, em, em, (€dH, em em em 

F 

89Fb 

267? 

dffchr em, em em, em em em em 

ft 

8SKC 

2678 

DFFtHR em em, em, ofoh, em em, em 

H 

0R(£< 

2679 

dffchr em, em dim em em, em em 

1 

0R0FI 

2688 

dffchr em, em em, em em em em 

>1 


2681 

ikfchr em em cm, ecm em em, m « 

K 

ewe 

2682 

dffchr em em em » em, dm ofoh 

L 

8fliF 

2683 

ikfchr em em, em, dfltn, em, em, em 

M 

eft* 

2684 

ikkhr mil e(m em em, emi, eeeH, em 

N 

0KD 

2685 

DtKHk dFHH, em em, em, em em, dF fh 

0 

8fC<4 

2686 

DFFtHR 0FHH, dm, (KSH, eFdH, dddH, fm F«H 

P 

0H3B 

268? 

off chr em, em, em, mu, em em em 

ft 

0M1' 

?m 

DFFtHR eFdH, em em, eFdH, em eeni, em 

R 

0HX9 

2689 

ik fchr em, e»«, em, em, em em, em 

S 

WOT 

2696 

Dtf chr dFm e/HFL «m em em rm em 

1 

0flb? 

2691 

ikfchr em em, em, em, em, em, em 

U 

0H» 

2692 

ikfchr em em, em em em em, em 

V 

SH65 

2693 

dffchr em, em, em. em, e»«, em em 

N 

me 

2694 

dffchr em, em, em em, em, em, em 

X 

0ft71< 

2695 

ikfchr em, em, em em, em, em, em 

V 

0fl/fi 

2696 

dffchr eFdH, em eieH, em, em, em eF dH 

7 

0RW 

269? 

ikfchr em, wed. em em exen, exen, em 

t 

0R»: 

26&i 

dffchr em em exeH, em, em eeeK, («h 

\ 

dflfiF 

2699 

ikfchr em, eiwi eieH, eieH, eien, em em 

) 

0fl% 

2780 

ikfchr em, em, em, am, em, em, em 

/-p 

0ffc1) 

2781 

ikfchr em em, exen, tx-m exeH, em, eeeH 


0BHX 

2782 

ikkhr em, em, em, em em, em, em 

DtHN HRR0H 

QQCAj 

onrr 

2783 

DFFtHR em em, eiea eFdH, em em, em 

R1GH1 HFMW 


2704 

iKFtHk em em em emi, eben, eeeH, em 

MUL'11HV 

0AH9 08 

2705 

DEFB e 


ww 2d 

2786 

IKFB m 


eftBfJ dd 

2787 

IKFB e 


dftBt; K8 

2788 

DC-.FB 0FdH 


dfiftD dd 

2709 

FKFB 6 


dflK 2d 

2718 

IKFB m 



2711 

; ** LFC7I BYIF OF D1VHK IS /FRO, WHICH HNWIS 10 

BF FlkSl 


2712 

; HVIF CK ... 



2713 

i SI1HI1 (HHRHClkkS (4 X d) 


dftW 

2714 

SFi.CHR 


eft* 

2715 

offs em eeeH. oooh, mm em ; fmif 
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mA mi 

;vj? 

HHJUMB: BOB IX 


wks k< 

2718 

FX (88), HI. 


8ft. V DH M 

2/18 

18 (IX) 



2m 

;NftMF: «*MKT ttV tt<>F TO ftSCl) 


272? 

;Ftl8KiS8: S8HF 



?m 

; 1HKIT: H^K8V (XOI 



2724 

; CflTHIl: ft-ftSCll KQUlVftlFNl 


2725 

MU: THWF It mm 


8flC8 

2726 

MKtTHS: 


ms 48 

272? 

LD C, B 


mu 8688 

2m 

ID B,8 


mt niflM 

2m 

I D HI ,KC1H1B 



27 38 

HDD HLBC 


mm ft 

2731 

LD H, (HI.) 


mn mm 

2732 

tjMrttfi: LD (lY+tmft 


8HM is 

2733 

RET 


mm 

2735 

kcibib: 


mm 28 

2736 

DtFB ' ' 

;S8ftCF 

mm a s 

2737 

DtFB / C / 

; BUU.F1 

my/ 5F 

2738 

DtFB 5tH 

; IP FPkOW 

mm sc 

2738 

DtFB 5CH 

i down mm 

8RD8 2b 

2748 

DtFB '7.' 

i 

mm 52 

2741 

DFFB 'R' 

;RFC8IL 

mm b~< 

2742 

DtFB 'S' 

;STCPF 

8HDC 3B 

2743 

DFFB 

;PLUS-MINUS 

2F 

2744 

Dire v' 

; DIVIDE 

wot :<? 

274b 

DtFB 


8tt* 38 

2746 

DtFB '8' 


0HL8 38 

2747 

DttB '8' 


0HFJ 2H 

2748 

DtFB 

i1 IMPS 

0flb.2 34 

2748 

DFFB '4' 


8HE3 :<b 

27S6 

DtFB 'b' 


8RE4 36 

27bi 

DtFB '6' 


8HE5 21) 

2752 

DFFB 

;MINUS 

0RE6 35 

2753 

DtFB '5' 


8 fltv :<? 

2754 

DtFB 


0flt8 33 

275b 

DtFB '3' 


m s 

2756 

DtFB 

; PIUS 

CWEA <*6 

2757 

DtFB '*' 

i(F 

8fttB 38 

2758 

DtFB '8' 


MFC 2F 

2758 

DtFB '. ' 

; PCtJNl 

0fitD :<i> 

2768 

DtFB '=' 

i mus 


164 


4> 




2762 

; NHMh: 



2763 

; PtJRHJSt: 



2764 

i INKU . 



2765 

i 



2766 

• 

8R11 

FB 

2767 

hOLI : IX 

8flt> 

77 

2768 

HFlIli: ID 

8HF8 F.l'M 

7768 

CPI 

OhI .’ 

tH? Mmi 

;wm 

18 

Ifll % 

i> 

7771 

8FI 



2773 

i NttJIF: 



2774 

; PURHiSF: 

* 


2775 

; INPUT: 



2776 

• 

t 



277? 

• 

/ 
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Hll HM-ft 

st-l M-OIOH If Sikh HI 10 UlfclftNT VH If 
H - Oftlft 1(1 HU HUH 
HC - Wt'IM-k (f HVIkS 10 HU 
If - SlftkllNG ftl>lft:SS (f kK.lON Id HU 
Of. I* 

(HI),ft ; STlfi HVl> 

; HWk l«, H C ftC 

H-, If II M 

KH.ftTlVfc 10 HfcU.UlK 
CttfDINHlk KIMRSHM 
fc - X COOWHNftl* 

D " V OOOkDlNftlt 

ft - Mftiiic kKiisiik vftif io uy- 
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2778 

16S 

i TWTPU1: DF - PBSOLWF. HDDkfSS 


2779 

; 8 - MHG1C REGLSlFk 10 USE 


2788 

; MftCilC ENTkY K0N1 

0HF6 CM*** 

2781 

HkFIRP: CHI MIR 

(*F 9 i m 

2782 

Jk HkFLR2-l 


2782 

; NONMRCilt FNTkY KHN1 

m 6 CD4F80 

2784 

MktlM: Oil kFLTRl 

8(ft: CM-? 

278b 

SET 6>D i NCH1HG1C THE RDDWSS 

ewe fdt:<« 

2786 

MdtlfG: ID (1Y+CPE).F ; UPMIIF. C8 DE 

0683: FD7205 

2'787 

U) (lY+tMO.D 

(686 1(C9 

2788 

MFRCCi: JR CFkOCr* 


2788 

; MRUJC ENTRY WUN1 

0688 CD4E.06 

2788 

REl/lfi: CRLL kHlftl 

8686 DM: 

2791 

OUT (HHOIO.R 

06(6 19 

279? 

Rtl 

660t 88 

2792 

07y.CC: : DEEP 0 i *** CHECKSUM *** 

060F 

2794 

DEES 8t8H, 8«H 8R8H. 8R8H, «8H i 8 

0614 

2795 

DFF5 848H, 848H. 848H. 848H. 848H ; 1 

081.9 

2796 

DFF5 8ERH. 828H. PF»i 888H, 8E8H > 2 

06»: 

2797 

DEFS 6E0H, 628K. 868H. 828H, 8F.8H ; 3 

0K'1< 

2798 

DFF5 8R8H, 8H8H. 8F8H, R2RH. R28H i 4 

0628 

2799 

DF.F5 tt-m P8RH. MM Kffl, t€8H ; 5 

0K6 

2888 

DEF5 0E8H. 68M 6E8H. 0R8H. REM ; 6 

0822 

2881 

DEF5 MM 828H. 82M R2M ; 7 

0627 

2882 

DEF5 MM 6RM M8H. MM MM ; 8 

ee:<t 

2803 

DfcFb MM PRM MM 8?M. 8E8H ; 9 

0641 

2884 

DR-5 888H, 04M. 888H, 84M. 888H ; : 

0646 

'jOQt 

DEFS 848Hi 0FM MM UEM 8E8H i PULLET 



mt 

i MOVE kOUTlNF 

0646 FD68 


MMCiVF: IOTR 

0841) C9 


RFT 




i SYSTEM ENTRY KUNT EC* NONMHCilC RDWtSSES 

0641: kS 

m:t 

RFL1R1: KISH Ht. 



m kfc 


HMD 

W-CH 

A 

t 

TOSS MO SHIFT HMWWI 

8KM 6k 

m* 

ID 

LH 


S8VE 

m? vb 

;*ib 

ID 

H*k 


Gtl X 

bes:< tm 

5*16 

HMD 

m 


1SC1H1E SHIFT HHMNT 

0fc» bs 

;w 

Ok 

[ 

• 

t 

CCfWNF. WITH Mk 


?W8 

W I TH; 1 : HUSH f* 



m/ em» 

m* 

HMD 

84C4C 

« 

t 

IS FILM'S) PIT SF1? 

7H 


LD 

H,E 



0BN i m< 


. Jk 

7, kEl TR'<-1 

* 

* 

JIMP IF HOI 


7m 

IH 


i 

Yl? - UNFLl* 1HE CMRDINHTF. 

0KJ) ( M 

m:< 

HDD 

R168 



06N 68 

TWA 

RFllfft: ID 

LD 

* 

i 

H. r V 

8668 7m 

7W> 

LD 

H,0 



«6? 73 

7m 

HDD 

HI.HI 

* 

# 

SET HL » Y * 0 

086:< <3 

mt 

HDD 

Hl.Et 



WA 73 

7m 

hdd 

Hl.HL 



6F6i>54 

7373 

LI> 

D.H 



*666 51) 

7m 

ID 

F.L 



8667 73 

mi 

HfX> 

HL.HL 

* 

> 

SFT H. - Y * 32 

fc«68 73 

3832 

HDD 

Hl.HL 



0669 i3 

78X1 

HDD 

HI . DF. 

• 

t 

SET HL. - V * 40 


166 
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mu {*> 

2834 

SRI 

fi ; R - X 4 

KGK 

28ft 

SRI 

fi 

ee# sf 

^:<6 

ID 

F»fi 

mt im 

2837 

ID 

D, fi 

m\ 59 

2K* 

RfX) 

H.DF ; HI - V * 46 + X 


2839 

IF 

NHHDWk-1 


2848 

enmk 

8B?2 KB 

2841 

EX 

DFjHL 


2843 

; NfiMF: 

PETIRN KWH HftCPO SUKK0UI1NF 


2844 

# PURPOSE: 

mehiwi confirm to chlier 


2Mb 

; 1HJS CODE WHS 'STOLEN' FkOH PE1HBS SI Hit 


2846 

i IT DOES m 

■ ST RC K CLFHNUP THffl HkE'l DOES 

m < Fi 

2M7 

MhkE.T: KT’ 

RE 

0B?4 Ei 

I«48 

POP 

HI 

OBVb C9 

2849 

PET 



28b5 

; ENTRY KOk USER 

d8?6 CDTWtf 

?8b? 

1NXH1H: CPU 

XNJB 

0B?9 5888 

?8s:< 

ik 

HKkttH 


28SS 

i NfiME: 

INDEX N1BKF 


2856 

; PURPOSE: 

LORD OK SPECIFIED HIPPIE kFlRIIV 


2857 

; JNPU1: 

C r NIHKE NUMKR 


?8b8 

i 

HL - POSE HDDkKSS 


28S9 

; UU1KIT: 

NlfiHlt PEI Okie) kKiHl JUS! IF ILD 


2868 

; M-SCRIP’IION: BY1K * NIHKEi M«S. 


mi 

; 1 Hi S (IN (ipf)ik M8H1.K (IK H COVIM BYIE IS ODUM 



i HV HN EVEN M88LK NUMtfk 

dBVP ES 


XM1H: KISH HI 

W7C C5 

KM 

PUSH HI 

oh?i> 

ms 

11) 

H#b 

0M- 

mb 

Ski 

C 

0!>=:1 09 

m? 

HOC> 

Hl,K; 

ops? ;> 

■'/UtM 

ID 

H,<HL> 

088 < Cl 

m<* 

POP 

W; 

HM lP*t 

/B/ii 

HI) 

M 


:%') 

Jk 

Y, XMIM-* 

0HS*ci 8E 

28/2 

kkf h 


««9 dF 

2m 

kRCH 


0888 dF 

2874 

kkCR 


0888 dF' 

2875 

kkC:H 


6B8C Ef« 

2876 

XN1B5: HMD 

8KH 

dB8K FJ 

2877 


HL 

«<* C9 

2878 

kET 



2888 

i NOME: 

SI m NIPPLE 


2885 

; PUkttiSE: 

nipple: stuping (!) 


2882' 

; 1NPW: 

H r N1BKFi 10 S10M" 


2883 

t 

t 

(: - NIBBLE NUMBER <HS IN XNIH) 


2884 

; HL. >- 

BRSK ADDRESS 

f*96 Eb 

288b 

PU1 HI B: KISH HI 

e*9i C5 

2886 

PUSH 81 

089? 8668 

2887 

ID 

Kd 

«#t c*:<9 

2888 

SPL 

C 
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169 


00% 09 

2m 

000 HL,tt: 

009/ C5 

2 m 

FW 8C 

0698 (841 

2 m 

011 6>C 

0890 m* 

28S? 

JR L K«TN0i-$ 


2 m 

; h. o. crsp - shift n 

0BSC 0? 

zm 

RLC8 

0090 0? 


RICH 

009f: 0 / 

?m 

RICH 

069F 07 

Ml 

RL.C0 ' 

0000 0F 

:>m 

m (HI) ; NFRT COMBINE THICK CSPfc DOJ JIW 76 

0001 tm 


HNO OF0H ; Pft 9) 

000T< i€«:< 

2 m 

JR PWN02-1 

000b ff 


PUTNH1: XOR (HI) ; Lft CHSt 

000T. fc6» 

2m 

H*> 0FH 

0008 00. 

2*8 

PLONKS: XOR (HI) 

0609 77 

2SM 

LD (HI.), 0 

0000 P i 

25#OS 

K(P HI. 

080B C9 

£#& 

RET 


290*8 

; N0I1P. : 1N0P.X NOW) TfiUE (NOW) IHOPX) 


2909 ; PURPOSF: TO INDEX HN HPPHV OF IXTU'S 
2M0 i III1J1S: fHHDF.X HL«1M£k <0-?S5> 



29ii 

; HI -> TABLE t*NTkV B 


m2 

i turiKns: 

DE * sum L CAKED UP 


2m 

» 

i 

HI *■ KUNlEk 1CI sum IN TRUE 

mt » 

mA 

HINtt: LD 

hR 

mi) tm 

2&b 

LD 

D>6 

m ch?;< 

2m 

SIM 

F 

MW. m 2 

my 

KL 

D ; DE*2 

m< if# 

m* 

RfX> 

HL j DE 

tm m: 

sm 

ID 

F, <HL) 

'/< 

2 m 

INC 

H. 

RBRfc % 

2Wi 

LD 

!>/ (HI ) 

mv» 

'W2. 

D!C 

HI 

ewe mm: 

m.< 

STRIDE: ( HI 1 

FMO 

fifiHt: JKim 

WA 

Jk 

HJNRHi-* ; JOIN SI (Mr IN INDEX HVIE 


7m 

; NAMF: 

INDEX 8YTF THU 


my 

; PtfcKtf: 

TRW F UJOKlf' 


7m 

; INKITS: 

R ~ INDEX MURKER 


7m 

i (JUTKri : 

R - VALlfc (JE RVTE: 


2V& 

m 

I 

HL * KUNlEk TO IRHLF ENTRY 

2m bf 

mi 

H1N0P: ID 

F>R 

2M tm 

?m 

ID 

i>,e 

2m if# 

ms 

HDD 

HL , 1*. 

mi 7F 

mt 

LD 

a (w.) 

m:' wrm 

Mb 

ID 

<]Y+CWO,A 

mb twm 

Mh 

HI HI 81: ID 

<iv+cmH 

race m/m 

my 

ID 

<iY+ca>,t 

0HCR C9 

2m 

RET 



2910 

♦ 

NHMfc: D1SH0Y TJHP 

2911 

» 

) 

PURPOSE: 01SPI0V T1H- ON SCHFPN 

291? 

• 

# 

INPUTS: fe - X COM) 

294!< 

« 

# 

D = Y COORD 

2914 

« 

t 

C = Sf«F HS 015444k (811(85 EXCEPT BIT 7 - 

294b 

* 

t 

TO D15K0Y COLCW FM> SECONDS 

2946 

« 

# 

outputs: none 
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bbcc 

294? 

HDISTI: 


eect; DDweoe? 

mb 

ID 

lfcSMFffl 

bbdo m2 

mb 

ID 

B,42H 

m? mnv 

mb 

LD 

HL> WHINS 

0W* C5 

mi 

KISH 

BC 

06D6 FMBteBF 

m2. 

rfs 

yaw+mo 

eem mm 

m:< 

chu 

BCD1SP 

ttDD Cj 

m* 

pop 

BC 

mx. cbtc 

ms 

»n 

(t C 

BBF.O C8 


RFT 

1 

Ml 1<FHH 

m? 

LD 

Hi 8BH+1<HH 

m:< axm 


CHL1 

D1SK-H 

m? 

mb 

LD 

B,42H 

Mb afcMF 

mb 

ID 

Hl./CilSb.CS 


2963 i RND Fftl. INTO ... 


2%1< ; HftMfc: 
29M i INPUT: 
?%S i 
?%f. i 

2%7 ; 



D1SP18V Btt> NUflBfck 

B NUHKfck DISH RY OPT KWS 

(: = CHflVRCIEk Dl'PlRV OHUCWS- 

DF - Y,X (WimilllKS 

HI * HUHBfck HDDkhSS (HllldS 81 10 IYIB 

IX - HHKH*tTH K.«T (IE USED) 


2969 ; OUTPUT: IX IHXlTH) 

2978 ; IX-SIVIPTION: THIS POUT INK CONVKkTS bHCH NINE! K 1N10 
297j i RS(: 11 UNO DISH HYS )T 1HI EKRHHUY ILIHiflL ECO 

2972 ■> vhi ufs Hkt- dish hvh> hs coops 28 thru 2F m-shciivhy. 

W'< ; I HI. WW k I'lsH.HY OPIUMS BYlE IS KMIH'IH) HS EOU.GNS: 
,*)/<{ ; It) I t ‘■FI IF IP8DIMG TKkO MMVPSSMM EIRIIIPD 

WS ; Dll F SKI IK IN IX IX IEMTHIE FONT HHI11KD 




i H11S b-0 

NUHBbk ( 

MH 70 


KD1SF: ID 

HjH 

08K; ftft 

2bft 

HW) 

>H 

mi :<d 

297b 

BttHKi: W C 

H 

Ml F8 

2W 

kn 

H 

Mb 41* 

'/M 

LD 

CiH 

Mi wrm 

m2 

Oil 

XN1H 

ma mt 

m< 

JR 

N7i BUM-* 

Of 6 (378 


BIT 

7iB 

Mb 2m 


JR 

7, BCDW-* 

MH W 

zm 

Dk 

C 

Mb 2M 

mv 

JR 

N7; BCDD4-* 

Mi> 

r m& 

: RFS 

7xB 

8BR tm 


HDD 


a m b:«* 


HMD 

m 

««:< c^2f; 

2m. 

HDD 

H>2H\ 

eces (370 

29» 

BCDD2: BIT 

6 iB 

0(37 280? 

?m 

JR 

Yj kddk-* 

0C89 F680 

2994 

Ok 

BOH 

0C3B (Mi 07 

2m 

mm: CHL.L 

D1SKH 

0C0( 7b 

29% 

LD 

HiC 

0(«b im 

2997 

JR 

BCDO0-* 

ecu :<K3 

2m 

BCDD4: LD 

Hi / y 

eco im 

2 m 

Jk 

BCDD2-* 


DIGITS 10 D1SHKY (HOI NUHEfcK OF IVIES!!!) 
; GET (MUONS 
i ISM.HTP NHHWJk (X DIGITS 

; QUIT IF HUll OK NO HOkE 
; SHVK 

i OFT NEXT DIGIT 
; JUMP IF WWW* 

; IS 7ER0 SUKPKPSS OH? 

; JIMP IF NOT 
i LHST DIGIT? 
i JIMP IF NOT 
; Ui.flk lENDING TPkO EIRG 


i WTEkNfiTF FONT? 
i JIMP IF NO 
; VKfi - SFT TH: BIT 
; D1SPI.HY THE C8HR 
; GET LOOP COUNTER 1H 8 
i HND GO K« NEXT 
; IFWING 2KR0 - NklTF 8 SPfKK 


:<0O1 j N8ME: INCREMENT SCOKfc 

;<0K> ; PUkPOSl: lNf..VfcHK.NT SCOPE HW> UMPHRfc 10 HI) SCORE 
; INPUTS: HI -> PIOVFk SCORE ION HDDR LX K EVlfcS 
:<ew ; (WHO'S: GSBKND OF (M61B SET IK MHX SCORE RfchCHfcl) 
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eels guk 

:<m 

HlNfSC: 

lit 

B/i 



(£1? es 



HUSH HL 



(£18 7E 

m? 

JHtl (f: 

ID 

a (Hi) 



(£19 im. 



m 

ai 



Kin ?? 

:<m 


m 




ecic ?? 

mb 


U) 

(HI), ft 



ecii> ;w:< 

mi 


JR 

W, (WIT-* 



(£1F ?:< 

m? 


INC 

HI. 



(£20 10F6 

:<eo 


DJN7 INU.OF-E 



(£22 El 

m* 

(WIT: 

WP 

HL 



ec?:< 2 i< 

Mb 


INC: 

HL 



CC24 23 

m.i 


INC 

HI 



eci-t. :<m w 

M? 


10 

a <wtviu> 



0C20 (*4F 

M8 


BIT 

GSUSCk,ft 



(£?ft C8 

:<*#<* 


»T 

l 



0KH heme 



ID 

DE,FNDSCR+2 



0c:;i wr< 



10 

a:< 



fc:<d jh 

:<h?? 

CHHM’: 

ID 

a «*) 



0C31 KE 

:<b?:< 


CR 

(HL) 



@c :<2 ;w/ 

:<K f A 


JR 

2,VEHEft1-F 

, FMtfS = SOW 


0(:.<4 DO 

:<m 


RM 

NC 

i LNItSCk > SUM 


«:.<•> ?ie84f 

<m 

SElEM>: 

10 

HI, (MIS IB 

jENPPCK < SUM: 


CHEF 

:<«7 


SF1 

GSHFTJf.', (H ) 



dcxi (9 

w* 


RKl 




W.<H )H 

w* 

kt-HEftl 

DIC 

It 



(r: <i i'H 

<«<d 


14-1 

HI 



ec:<D im 



DJN? (WlW-f 



ec:<f iw-4 

3Hffi 


Jk 

SFIENM 





3834 

i NftMfc: 

(Kill 




3035 

j FtfcFOSF: HtlD HkfeSHO CM*: SUM: UNTIL KEY HIT OR KtSfcl 


3836 

; SHV GU4E (MV 



(£41 

383? 

MftUll: 

SYSSIJK STRD1S 



(£43 I<8 

383ft 


DEFR 48 



(£44 1ft 

3039 


DEFR 74 



(£45 4C 

364ft 


DFFB 010011000 



0C46 578C 

3041 


Df>N (MiW 



(£48 

3647 


SYSTEM (KIWI 

« 

t 

HCTIVftlE UOEVkUHTS 

0C4fi 

3643 

HQLI1T1: 

SYSSUK SENTRY 

* 

> 

MBIT Fl« SOMETHING TO HHHHEM 

0C4C 1402 

3044 


DEEM (KEYS 



(£4t FF14 

3645 


CH ST0 



0C58 ?m 

364ft 


JR iNMUlLM 

* 

* 

TRIGGER CHftNGE? 

0CS2 FtlK 

3647 


CH SKYD 

• 

I 

KEY HH? 

(£54 20F4 

384ft 


Jk HZ, MMHTl-$ 

* 

J 

MCi - KEEH GOING 

0(56 ur 

3649 

MUU1T2: 

RSI ft 

• 

I 

YES - RESET 

(£57 47414D45 

3850 

(MOW: 

DEEH '(«*.' 



0C5H 66 

3051 


DEEB 6 



(£5C 4F564552 

:<0x: 


DfcFM 'OVER' 



(£fft ftft 

3053 


DEFB 0 




3855 





3056 

; * HFNU KWIHtS * . 




3067 

; ***************** 



VWVfl 

TwW 

386ft 

HOLIHF 

EMI 96 

• 

t 

HUNGER (If DISPlfWD LINES 

\flrwvi 

/WwO 

3659 

MNNI 

EMI ft 

* 

t 

NEXI F1E1P 

>C6ftl 

3866 

hKNH 

EMI 1 



>000? 

3061 

WMSfiL 

EMI 2 

• 

/ 

STRING ftDORESS 

>00 b:< 

386*' 

ntm 

EMI 3 



:>B004 

3063 

NWA 

(Ml 4 

i 

GO TO FWRE.SS 

>ecieb 

3064 

HUGH 

( Ml 5 
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jd*f 

; SYSTEM KMEk UP POUT INF 



:<%? 

PWRUP: LD aCEJRSIC) ; 

GET FIRST CfiSSfTTE LOCffllON 

0C64 

:<fi68 

(P «::<H i 

)S IT H JUMP?? 

(C66 CHCCCtf 

:<t*9 

JP iSElkSTC ; 

JIMP lOJl IP SO 

ms 3JCMF 

3WH 

Lf> SP, HEGWJ1 


M*C 

:<87j 

SYSSUK HU ; 

(IPHR SVSTPM kHM 

(CEE CE4E 

:w? 

Df PM PEGkflH 


«:?G :c« 

:<h/:< 

lew SO 


mn 00 

:<e»/4 

DEEP 0 


ec?:< toppop 

'<d» 

ID <UklNf<),H ; 

UPHk SHI HER 

00/8 ?[) 

sm 

DCC: H 


«rt :<kc4E 

sm 

LD ()IH0UT),H ; 

UPRP TIMEOUT HHTCHDOU 

W ,'H 

sm 

SVSlI M IN I PC 


an 

sm 

mi music 


0C7D 

:<t#d 

DU SHOUT 


0£:/l HE 

Mi 

DEEP (MOLINE*2)-l 


0C/E » 

M2 

ten *.s 


(C88 «t 

Mi 

DEEP 8 


ecta 

<(#4 

DU COLSET 


0C*s iMi 

:<(** 

DP PH MFNUC1 


(CM 

:<w* 

DO HCT1NT 


0C8S 


txn 


««. up:<ud 

:<bwi 

LD Df, OfiMSIk ; 

'SELECT GHMP' HS TITLE 

accc* 

;#£i9 

ID tt.EIRSTC ; 

HSP1ML MENU S1HRTS IN CHSStllE 

0CSC 7E 

<(**» 

LD a (HD ; 

GET FIRST CHSSETTE BYTE 

eceo ?:< 

sm 

INC rt 


0C8E PESS 

sm 

CP SSH ; 

IS SENT1NEI THFRE? 

0C90 m.< 

m:< 

JR 2j PWRUW -t i 

VEP - JIMP 

8C9? 2JJ8K; 


LD HL/CiUHNK ; 

HKONG - USE ONHttKD (M.Y 

0C9S 

*8# 

PHRUPJ: SYSTEM MENU ; 

D1SPLHV THF MENU 



:<897 

» 

; 

NOME: DISPLAY MENU HND BRHNCH UN CHOKE 


sm 

■ 

> 

INKH: HL " MENU LIST 


sm 

0 

t 

DE f MENU ine 


sm 

• 

i 

OUTKH : DE = TITLE OF SELECT KM MODE. 


sm 

% 

t 

DESCR1PTHH: 


sm 

# 

THE MENU 1 1ST IS H LINKED LIST OF THE FOLLOWING POkMHT 


sm 

■ 

********* 


:<iw 

♦ 

t 

* 0 * NEXT ENTRY * 


:<ie6 

* 

t 

* i * * 


:<d66 

i 

************************* 


:<ift7 

> 

* 2 * smm mmss * 


~sm 

i 

* :< * * 



i 



sm 

/ 

* 4 * ERfiNCH 10 HDDRF.SS * 


sm 

i 

* S * * 


sm 

i 



sas 

j 

THIS 11ST IS TERM!NOTED 8Y H NEXT EITlkV FIELD OF 7ER0S 


<114 

i 

H MHX1MUM Of EIGHT ENlRYS I1HY Ft D1SPLHYED. 

(C97 P S 

:<iib 

MltNU: KISH PI. 

0C98 ES 

me 


KISH HL 

(C99 CM PCD 

sm 


CHI. MNCLR i (TiHR SCREEN HH> THROWUP TITLE 

(CPC 

:<n& 


XYRETL DE.,iai? 

0C9E W09W 

:<jj9 


LD WA\ i I NIT I FUZE ENTRY f HI® COLOR 

0CK? DDPi 

sm 

MNPNUi: Kf IX ; FIRST ENTRY 10 IX 

(CHI 78 

SYA 


LD a 8 ; SEL ECT KM NUMBER TO H 

(CHS C6:<8 

sm 


HDD a'O' ; MHKE IT HSCII 

0CH7 

sm 


SYSTEM CHkDIS ; HD SHOW 11 
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ecHsi :<fea> 

:<i24 

ll> 

Hi 

; D1SKKV l<Hfr.H 

otto 

a» 

SYSTEM CHkDIS 


KH) DDOM* 

:<i:* 

ID 

HidX+HHSHIJ) 

; HI - STRING HDDRhSS 

mh mw. 

:<i?? 

ID 

L, (1X+MMSHI.) 


0CI!< 

:<m 

SYSTEM ST kl>] S 

; DISKftV SELECT)(« 

iew 

3129 

LD 

A,B 


0C8/ 8/ 

:<j :<& 

HDD 

ft,l> 

i TO NEXT 1 INF. 

OCRS bV 

:<i:<i 

ID 

D,ft 


tO?: IMd 

:<r<? 

ID 

F.ife 


(CW: 84 


UK 

H 

i K«1P ENTRY t 

MM IHT-tlU 

<134 

ID 

H> < IX+MMI JH) 

, HI - NEXT ENlkV HIM 

flttf DDGEGO 

a:* 

ID 

1,(1X+MNH) 


0CC? Eb 

3i:<6 

PUSH HI 

flL 

«C1< 7C 

3i:<7 

ID 

ft H 

ft 

0CC4 Kb 

:<i:<8 

Ok 

L 


eccb m* 

a:« 

JR 

N?,I11EWI.H-* 

; NO - JUMP KHLX 


:<mb 

i 8T THIS KHN1 HI. - 0, (SP) - 8 

0CC? ~JS 

:<i-*5 

«Jl> 

H.»SP 

; HL - SlfttX KUNTFR 

0CC8 C5 

:<i4? 

Iff M.rc KISH EC 


acts WWW. 

3143 

ID 

K',W.01H 


eccc 

3144 

XVkF.lL DE, IF, 77 

; FFFDKfltX ftODRFSS 

era- 

3145) 

SVS1FH (f lNUM 

; C€1 Nlffft 

0CD1 Cl 

3i4« 

POP 

KC 


00* Tfc 

:<J4? 

ID 

ft(HL) 

HOH IXCS she: LOCK? 

«»:< a? 

:<i48 

HND 

H 

ZERO ENTERED? 

ecw ms 

3349 

JR 

Z>MMENUb-f 

JUHP IF SO 

0CD6 BO 

:<i5e 

CP 

K 

IN RfiNCC? 

BCD/ :<m 

:<J54 

Jk 

C, Nf.HU6.-f: 

JUMP )F SO 

KW 3BE 

:<j52 

HHFHUb: ID 

ft, 

DLD FNTRV - SHOW ? 

«DK 

:<ib:< 

SYSTEM CHRD1S 


BCDD ifct9 

3354 

JR 

NfNllJ-$ 

GO KftCK F(R NFX1 TRY 

0CDF H 

a» 

HMENUG: Kf 

HL 

THROW OUT FNIkY ftRl-ft 

«t:e w 

3is$ 

Kf 

Dt 

RESTORE HEAD OF MENU LIST 

ecu 4 ? 

315)7 

LD 

B, ft 

NIMKER ENTERED TO K 

002 tB 

315)8 

MMENU7: EX 

DE, HL 

It * ENTRY PTR 

0ct:< bf 

31» 

ID 

F,(Hl> 

DE - NEXT 

004 ?3 

<160 

INC 

HL 


0CES b6 

:<i6i 

LD 

D, (HI) 


8CK iff H 

3162 

DJN2 MMENU7-$ j 

COUNT DOWN TO ENTRY 

eo* z< 

3163 

INC 

H 


0CO bE 

3364 

ID 

F. (HL> ; 

STRINCi TO DE 

ectn z< 

:<165 

INC: 

HL. 


0CEK S6 

:<i€-6 

LD 

D, (N.) 


fCEC '£< 

3167 

INC 

HL 


0CED 4E 

:<i68 

ID 

C, (HL) i 

GO TO ADDRESS TO EC 

«»: 2;< 

:<J69 

INC: 

HL 


0CEE 4f 

<178 

LD 

K, (HI.) 


«F6 fel 

:<i7i 

Ftf 

HL i 

HL - RETURN TO KJCf 

0Cfi H 

3172 

POP 

ftF ; 

THR(M CHIT (11> K: 

«f ? (i) 

:<m 

KISH KC > 

PUT NEW PC ON STACK 

eo:< fb 

:<i?4 

KISH HL. ; 

AND KIT HACK DUMMY RETURN 

80-4 ED73W 

:<i?b ID 

(]Y+CKfc),E i 

PASS HACK TITLE. ADDRESS 

007 FD7205 

:<i7f 

ID 

(IY+CBD),D 


8CfK e» 

sm 

RET 

» 

t 

AND GO HUL K 


kits ; 

NAME: 

GET PftkftMl TTk 


K100 ; 

KfKiSF: 

INPUT (f PkOGRHM OPTIONS 


:<1W ; 

1HKJ1: 

ft - NUMPER (f DIGITS 


382 ; 


KC - PkMIPT 

STRING ADDRESS 


:<ik:< ; 


DF - Ekftlf T1TI.F ADDRESS 


:<im ; 


HI - PARhMEIER ADDkFSS 
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:<i8b 

; DfSCRJPTJON: 


*186 

* 

THIS will INF FISKS IHh HShk TO Flflhk H NUFIHtt 


my 

i FIRST H MHIM hkHIt IS CWHlhO. USING IHh S'lkING 



; 0(ilIIIH) Hi PY 1+ Hs H 1 I'll h IHh SlklllG / 0NH-k / 


‘<189 

; IS NISH HVH>. hi41 (WHO HV IHh MWPT SIRING. 


*190 

i Gi'lNUH IS IHhN (HI 1 hl> 10 IWUl IHh NUMHtt FtEDKHlX 


*191 

i IS PkOVMD IN POUUJ- Sl/hO CHffcHClttS. 


*192 

; NOlh: 

** this unniic uses imo system levels hnd ihe hit twin h 

h5 

*19* 

Mti.lP: 

KISH HF i SHVt NLMOtk » 01G1TS 

0tfC hb 

*194 


KISH HI 

BtJ-D (5 

*i<* 


KISH HC 

on. iw» 

*596 


CHI MFJCTk 


*19/ 


SYSSUK STR01S ; DISPIHV 'WTFR' 

000 * 00 

*198 


DEE0 8 

0004 & 

*199 


DEFH :<s 

ewfe 09 

rm 


Oth0 10010 

mb nm 

*28i 


DEEM F N1STG 

eote u 

*282 


POP HL 

0009 

*28* 


SYSTEM STkOIS ; OISKHV HHfiT 10 Witt 

tm ti 

*284 


POP HI 

eoec B 

*285 


POP HF 

0000 4? 

*2% 


LO b,R 

0O0E C8fi 

*287 


SfcT 0,C i SET tflRCC CHRRS 

0W0 

*288 


XYREil (€,48,48 ; LORD EEEDBfCK ttDKSS 

0Di:< 

*289 


SYSTEM GFTNIM ; GET NUMHtt 

001b 

*218 


SVSSUK PHHS i LET UStt READ 1T 

0M7 tf 

*211 


DEF8 lb 

0W 8 09 

*21 2 


RFT 


*213 

; SUHkOUlJNt: TO IU0R SCREW K* MENU HND IHktMJP Tint 

0019 Ob 

*214 

MNCIR: 

PUSH DP 

BDlfl 

*215 


SVSSUK Fill 

0WC 0040 

*216 


DEFW NOkHFH 

twt vm 

*217 


DfFM il*BVYFK 

0020 00 

*218 


DPFB 6 

00 a 

*219 


SVSSUK FILL 

0O£< 0041 

*228 


DFFW NORMt M+(il*BV1FPL) 

002b 4000 

*221 


DEFW (NW lHE-tt )*BVlFH. 

0027 Sb 

3222 


DEFB hW 

0028 B 

*223 


POP HL 

0029 

*224 


XVKFL L. DE> 24i 8 ; TITLE 

W2C 0H04 

:<?25 


Ll> C* 81888 

M)2t: 

*226 


SVSTFH SI kl)IS 

«>:<e C9 

*227 


RFT 


*229 

; NFlMt : 

ce number 


*2*8 

; INPin 

B r* D1SNUH OPTIONS 


*2*1 

/ 

C r CHRD1S OPTIONS m FFFD8HCK 


*2*2 

f 

OE - CttMUNRTFS OF PFFDP8CK HREH 


*2*3 

i 

HI. =■ HODFISS OF !4HFkF 10 ST8SH NLWBFK 


32*4 

i DESCRIPTION: THIS MHHINh (HN 1NKH H NUHHtK hRUH 


:<2:<5 

i 

EITHER I HI' KFYbOfM) Ok THf HflNO CONIkU. KFVWTlkl) 


*2*6 

i 

FN"lkV PkOChhOS ( Wvl Nl 1 (*#ll V. (41IIMM EX11S 


*2*7 

i 

HFih'N THI KlUlSS KhV IS PW SShO Ok IHh KKAWkEO NUKtF! 


*2*8 

i 

(« OKilTS IS WThkl O 


:<?39 

/ 

K FTiVk Ot» l«M> (TUflktt HHV FlLSO 8t USED TO 


*248 

i 

Flflhk Fl NUIflk. TO OSh THIS OMION, FlU IHL : IklWEF! 


<241 

i 

1HHI ROT Hit IHi pin (INI H THE- W.IIFTk VUI NISH TO 


*242 

) 

KN'Ihk IS SHnNN IN lllh hHIWK HI-,1 H Kill IHI TklWiFR 


<24* 

t 

Ht <11)11 III khlilMhk in mikY Ih DOklN'1 THIS PMKISS 


<244 

/ 

IHh KFVHOMM' IS HShO - WVW»M> HI HI Will UVtkkll*. 
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181 182 



:<?4S 

i ims IS DW* 10 PM VENT MW- WHIP PkOH (MUSING 


XMf, 

i I HkkV LISKP. 


WA l* 

XM? 

HOC IN: EXX 


(two 

:<?A9 

CKl CLRNUH ; 

0 m 1HF. HlflBER 

«>:<s 4P 

km* 

ID C.ft J 

SF1 ZERO DIBITS IN - HU PW«.H> 

BOKO FD7P0/ 

*?bo 

MBLINI: ID a<)YH88> j 

ENTRY UmtlEV 

«>ky m 

s-M. 

m c 


ODKH F61<F 

K?b? 

WO Kt-H 


Oftf: CU 

:<?sk 

RET 7 ; 

CHUT IF SO 

odkd r mw> 

:<?m 

ID H, MWTNJ 


ewe P5 

K?b5 

PUSH HI. 


OMi 

K?S6 

SYSIPh RMKFD ; 

kWJiWIIZP WILE UE WH11 

omk 

:<?S7 

SYSSltK SHN1I.V 


oms ma 

KPb8 

DFj-U WJNWlS 


m? 

K?5* 

SYSSIK WD1 


PD4Y 'KtJ> 

K260 

DEM! (MJHDO 


0MB 13 

X'Ci 

RrT ; 

NOTHIN - LOOT' (ill StHlRV 

kmc 

3262 

GNUMDO: JKP SKYD. HBFTN6 


ti>H 

3263 

JMP STO, HGE.1N? 


W>b? 

32M 

JKP SP8,H0F1HK 



K?t>5 

i ** NEX1 lNSlRtlBl JON IMPS 0000 LIST li?i11Nffl(«, SO NP. USED 


3266 

; TRIGGER ROUlllih 


ms u-:a 

K?C7 

IKWHT': BIT 4,8 j 

0-1 TRWK? 

eos? as 

k?08 

RFI 7 i 

NO -• I CHORE 

m3 79 

:<?c* 

ID fCC 


m3 :<c 

3170 

INC fl 

ORF HE fUmaiY IN KIT HODL? 

mu r /m 

:c7i 

JR 2, HCCTB-T 

YEP - JUMP TO I.XJ1 

p;«; OB?* 

:<2?i' 

Bll ?,C 

wi u-om ? 

m op 

kztk 

RP1 NZ 

NO - 1CN0I<E 

k&f cot 

3274 

LD C,6EEIi 

SET MO FIDO 


3275 

; POT kOUllNF 


coa ?S 

:<??c 

HOC: LD at: j QUIT IF ROT IK POT HOC* 

cos? :<c 

:&? 

1HC: H 


COCK CO 

3178 

RFT M? 



327* 

; HC«il Kf:’’7 DIBITS? 


e ka m 

:<280 

PXX J 

TO HORMfS. SET 

aits n 


id an i 

SHftICH DIGITS 

mi io 

3282 

m 


etx-y ffoi 

:<m 

IT’ 1 ; J PRftV 1HL? 

0IX'«‘j BOOH 

<m 

LD 8JO 


COCK 200? 

3285 

JR 7, HCtTIW-S , 

JU1P IF («0 UfSS 

8WB OBM 

jm 

LD 8,100 

NROIIO! 

8DCF DliiC 

<737 

Htt-lW: IN a(KUO) 

OLT tUkkFNI HOT VtoUE 

0071 b? 

3288 

ID D»H 

kWKi II 

K>7? Ht- 

:<28* 

XOk 0 


OD/K bl 

k?*o 

id t.h 


if)7A M 

:coi 

id ah 


007b 1* 


IM HIS; Ii(>l> HU* 


(0?f. OP Mi 

:<?*:< 

fa; ao 

MU) EVUcY (.flRRY 10 HC 

W»rt! 17 


DWl 


GOT*lOFft 

:co5 

DJH? IM.TNb-L 


0D7B (0 

<?% 

LXX 

PMK l(i NWP.lt!. SL1 

0070 77 

:<:o7 

II) (HI ),H 


d!>,l> 


JR HU IlfJ-L 



</<s 

i M VI.IHl! 1' klllllllfr 


W'.l Or 


Hill Ilk. III! 1 

KU HUH? 

fc’>Ui IKK 

:<:<oi 

jr K/,m.niv-* 

JUHP IF HOI 
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184 


183 


m,’. uissod 

;<:<*& 


CALL OJMJH 



«: 

:<:«:< 


INC C 

4 

9 

SET OM- DIGIT SO M 

0Dtt> CPFS 

:<:<w 

HGE1N7: 

SO 7,C 

4 

$ 

Stl KIT LttKWIT 

am 

:<:<«> 


SVSTFH KC1HSC 



0Dftfi FF<f> 



CP 

9 

* 

EQUALS TYPED? 

two :m 



JR L Kf TN9-* 

} 

QUIT IF EQUALS 

0OMr E60F 

:<:<(* 

- 

HND BFH 



m 

3309 


txx 



0091 

mo 


SYSTFM SHI Fill 

9 

SHIFT DIGIT UP 

eo9 :<ds 

:<iii 

MCfTNB: 

KISH It 



0091 

:<m 


SYSTFH MSNUM 



■ 

:<a:< 

; EM1EK 

HFkF FOR FQUM. ON 

TRIGGER EXIT TO THMH OUT RETURN 

M)96 Di 

:<:<5 4 

MW: 

Kt W: 



0097 09 

mb 


txx 

1 

WCX TO NORMAL. 

0098 C9 



RFI 





3318 

; HJBkOUTlNF 10 CLfcflR NUMBER 

0099 tt 

sm 

CLRNUH: KISH RC 


0D9fl 09 

:<m 

txx 

; 10 NORMAL SIT 

0D9B hb 

:<:<2j 

KISH HL 


rose ft 

33® 

ID flB 


0090 *iC: 

3323 

INC: ft 


0D9F 

:<:<24 

ftNO 3EH 


BDffl IF 

33» 

RRft 

; LIEU HARP HEHCRIfL PHTCH02 

0Ofti 09 

:<:c* 

EXX 

i WCX 10 ALTERNATE SET 

0Of 2 4F 

33® 

ld e,fl 


0|)fC< ftF 

:<:<* 

XOR ft 


0M4 47 

<o» 

U) EL ft 


0Dftb M 

3338 

POP Dt 


0DK 

:<:<:<t 

SYSTEM FILL 


0DfsS W 

:<:<:<? 

POP BC: 


ft0fi9 C9 

3333 

RFT 



tt)fjft Fb 

:<:c<b 

3336 

:<:<37 

i NAME: SHIFT UP 

; IHKIT : ft * DATA 10 SHIFT UP 

; B * SIZE IN DIGITS 

; H r fiRfcfj TO SHIFT ADDRESS 

HSHFTU: KISH HF 

»HEs ft 

:<:<40 

LD H,B 

0DHC 3C 

:<:<4i 

INC: ft 

0Dff> E63F 

3342 

AND :<FJT 

e©ff 47 

:<:<4:< 

ID B, ft 

0MC Fi 

:<:<44 

W BF 

KM. Fl*F 

:<;<4b 

SW-llH: WD 

m < ?:< 

:<sk 

INC KL 

0Dfi4 1BFB 

<:<47 

DJN? SI* TUI -F 

eoi*. C9 

334 ft 

kET 

0M:7 4S4W*«b 

;<<so 

FNISTG: l+FH 'FHTLK' ' 

0M> «i 

:<:<b5 

DFFI: ft 

0OBF FHM 

:<:<b? 

CM.: DFFH CftlCL 

0 OU .1 [>:<«) 

:<:<b:< 

W FN LWH 

0DC2 2W.3 

33b4 

DL FH CHF.Tk l ; CHF'CKMft fF SI ART 

ftKlft 

:<:<bb 

SCM: Dt-FH B 

01* * FK«> 

:<:<bf 

DFFH PNSCft 

eor* 190F 

:<:<b7 

DFFH SC AST 

0OCH 479541'46 

:<« 

KM : DFFH 'GUNF1GHT' 


* 
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186 


185 


0Od;' 

00 

:<i59 


W>0 

0 

0Od:< 


rtf* 

WJC11: 

wm 

'CHE CXHHTb' 

ewx; 


:<&5 


DH-B 

0 

0DDO 

4<W4C4:i; 


HNCHLC: 

Ot>M 

'C8I CUl RTClf<' 

mv 

00 

:<:&:< 


OB P 

0 

0f*8 

51<4:<5249 

X<64 

h-KSCH: 

Df>h 

'SCklHW 1NP' 

m2 

00 

:<:<65 


[*f* 

e 

«*:< 

5!<454C45 

rtf* 

GHMSTk: 

DBM 

'SH FCT m*' 

mi 

U 

:<:<6? 


DLFH 

6?H 

mi 

00 

:<tf* 


DtFB 

8 

0 F 0 & 

50 

:<:<f9 


l**B 

B8 

m\ 

00 

:<j/0 


DfcFH 

HWlB 

0£(tf 

2WSSM 

3371 


OEFM 

'(C) HttLV MF6 W7 

0E.14 

00 

:<:<?? 


Off* 

0 

0F15 


rsrc 


F» 



TOTH.. ftSSHflt-K fckktKS = 0 


PITCH, EVEN, TABIN & LUEDEKA 

135 S, La Salle SL, Chicago, III. 60603 

FV2jL3i>% c n 


*• : : i T 

, i; » fh’i r : . AV/3FHB! 

ler* home video game system 

PAGE 

1 

h! i 

ii . it i . r 1111 i i ii41 

OH D OPERAND COMMENT 




.. i / 

L1: -1 6 ‘ 




i : 

Ul <» * 1 /HI H 



1 1«: 

i . I y II 

DP IN IT 





» • 4 6 

j Tr ir Hi-v-fe-tHHHt * 1HH* ft*#***# 




t: } / 

.• *” 1 PUN 

F l G h 1 

EQUATES * 




■: 46 

; it fc lir Fr 

1HV +HHt- #*•*#-*# fc 




*• r 

, i.OMI- 

LGHI J: 

>hCEGROUND DOB 



-H 

i COM:; 

i \u 1 n»; 

, OF INITIALIZATION* PRE-ROUND DISPLAY a 


o>J 

, NO lit 

1 UR 1Nu UF CON T ROL'o 

AND VECTOR DELTA CHANGING 


652 

, DEATH. POST ROUND STUFF 

AND END GAME 


654 

;EQUATES 




*0009 

/ C.'C7 

O._l .. J 

LNX 

EQU 

3 

j 

LEFT NUMBER X 

> I'M*) O p 

ASP 

BSY 

EQU 

2 

i 

BANNER STRINGS Y 

"00 

6 >7 

RNX 

EQU 

136 

i 

RIGHT NUMBER X 

>00/0 

•’ r ’ »*■■< 

O . ir» 

LBULX 

EQU 

32 

i 

LEFT BULLETS X 

>0069 

r-.sy 

RBULX 

EQU 

104 

i 

RIGHT " 11 

',(1040 

660 

STNRX 

EQU 

76 

i 

SUB TIMER X 

*: oo pr 

66 1 

GRX 

EQU 

44 

t 

GET READY X 

>0001 

66 7 

GRY 

EQU 

1 

i 

M y 

>0040 

A A3 

DRX 

EQU 

64 

i 

DRAW X 

>0014 

■ >44 

TCACY 

EQU 

20 

i 

TOP CACTUS Y 

>ooor 

y 6 r~ 
rf ■ f A-.,. 1 

TTREEY 

EQU 

TCACY-5 



>002 A 

666 

MCACY 

EQU 

42 

i 

MID CACTUS Y 

>0046 

A A 7 

RCACY 

EQU 

70 

i 

BOTTOM CACTUS Y 

>0041 

/ - p >> 

■ A t~4 f t 

BTREEY 

EQU 

BCACY-5 



>0040 

i 11 1 !. L r ‘ 

LCACX 

EQU 

64 

i 

LEFT CACTUS X 

>005:3 

A/0 

RCACX 

EQU 

88 

i 

RIGHT CACTUS X 

>0040 

A/1 

CCACX 

EQU 

76 

i 

CENTER CACTUS X' 

>004:3 

A 7 2 

WAGX 

EQU 

72 

j 

WAGON X 

>0060 

•A /' ;> 

COWX 

EQU 

RCACX+8 

i 

OTHER COWBOYS WINDOW X 


A74 

i 





> OOO A 

■/- /5 

TUNE 

EQU 

10 

i 

TOP LINE OF GUNSPACE 

>000° 

A 76 

ALINE 

EQU 

TLINE-1 



>00 ^C: 

677 

BLINE 

EQU 

92 

i 

BOTTOM LINE OF M 

>00 1 ? 

«. • / c> 

679 

* 

BULVSZ 

EQU 

IS 

i 

BULLET VECTOR SIZE 

>00 1 7 

6:30 

GFVSIZ 

EQU 

23 



>oor> 

A A 1 
/ 

WAGV3Z 

EQU 

IS 

i 

WAGON VECTOR SIZE 

>00 3 / 

1 M ' 1 - 

6;3> 

i 

WINBND 

EQU 

50 

i 

TOP-BOTTOM WINDOW BOUND! 
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188- 

; OG/.A 


ior LIN 

EQU 

53*2 

9 

TOP WINDOW LINE 

vooon 

* . ‘►r’ 

BUTLIN 

EQU 

00 

9 

BOTTOM WINDOW LINE 

* uOf 3 

i _.► G . 

68 / 

* •" 

LF r KLIN 

EQU 

100*2 

i 

LOW PRIORITY FOREGROUND LINE 

’ FFFF 

NEXT 

EQU 

-1 

9 

NEXT LINK FOR QUEUES 

; iv>Of 

•r i r « . 

VBAFvTI 

EQU 

VBOAH+1 

i 

ARM STATE 

' ( m'i i n 


VBOAKM 

EQU 

VB ARM-* 1 

i 

LAST ARM PATTERN WRITTEN 

’ on l l 

-v/1 

VBLEG I" 

EQU 

VBOARM+1 

i 

LEG TIMER 

* (*r> t .« 

6 > J 

VBLLU 

EQU 

VBLEGT+l 

i 

LEG LINK 

' nn 1 

f: / ]: 
AST 

VBCOMP 
; BITS 

EQU 

VBLEG+1 

i 

TIMER FOR COMPUTER CONTROL 


o 


(c) pfti-'-y /tlMX,- F rtcT vK l M fc 

n~77 


i *i <(’ i i 

■V •* < VI 

< W i ^ i • 

L.QU 

* m *i i : 

VI 

■a 1 In 

1 Ol 

1 M *1 « | 

• - / 

• -Mi H I 

1 L!U 

I'M mV . 

• - « i it 

" - - V 1 

U1NI 

Lull 


0 

I 

.4 


g*i'u«r,,v ft ppe *°'» B 


\ 


i WAGON BIT 
, CHAN*»E S TATUS BIT 
, NOT MOVING STATUS 
; INTERCEPTED/DEAD STATUS 




/o o 

, *************** 



701 

; * SUBROUTINES * 



yo.2 

, *************** 



70S 

i DISPLAY CLOCK AND UPD 

1 7F t 

F3 

704 

DCLOCK DI 


17E2 


705 

v/ O C 

Y 

UK DECCTS 

17E4 

30 

70 A 

DEFB 

10000000 B 

17E5 

DD210D02 

707 

LD 

IX,FNTSML 

17F9 

3nPC4F 

70S 

LD 

A,(CT7) 

1 7FC 

B7 

709 

OR 

A 

i 7FP 

2 

710 

JR 

Z,DCOUT—♦ 

17FF 


7 X I 

SYSSI 

UK DISNUM 

1 7FJ 

■n 

/ 1 2 

DEFB 

STMRX 

1 7F2 

i i. * 

71 3 

DEFB 

BSY 

l -T3 

or: 

714 

DEFB 

TIME 

17F4 

/» ~ 

715 

DEFB 

42H 

i 7F5 

n<‘ ir 

T -I /_ 

/ 1 C< 

DEFW 

CT7 

1 7F7 

ft 

7 1 7 

DCOUT XOR 

A 

1 7FS 

T - :Of; 

718 

OUT 

(MAGIC), A 

1 7FA 

: FFOF 

7 19 

LD 

(URINAL), A 

1 7FD 

y 1 > 

720 

El 


17FF 

i 

721 

RET 




"7 7 “ 

/ A .. Jl!.i 

* FIRE BULLETS 



~7 ~ 

i LEFT COWBOY 

1 7FF 


724 

FIREO SYSSI 

UK SUCK 

1 SO I 

r ii 

725 

DEFB 

110111OOB 

1 SO 2 

/. ! IF 

726 

DEFW 

LCOWB 

1 SO 4 

no if 

7 27 

DEFW 

LBULS 

1 30 A 

1 -'“IF 

728 

DEFW 

BULV1+1 

1 90S 

1 309 

729 

JR 

ZORE-* 

1 30 A 


730 

FIRE1 SYSSUK SUCK 

1 3 OF: 

Dl 

731 

DEFB 

11011100B 

i son 

2'Mf 


DEFW 

RCOWB 

1 3 OF 

nr. if 

/ 2* -2‘ 

DEFW 

RBULS 

1311 

•M4F 

7 34 

DEFW 

BULV3+1 

1 3 1 3 

r ifn-07 

7 35 

2 ORE: LD 

A,(IY+CBB) 

1 3 l A 

i • 

736 

OR 

A 

1317 

f 

7 87 

RET 

Z 

1 3 1 3 

i'm , 

y :-<z* 

LD 

A, (Bu) 

1 3 l 9 

T ' 

7 89 

OR 

A 

1 3 I A 

i 

7 4 0 

RET 

Z 

! 3 1 R 

yr 

741 

LD 

A, (HL) 

1 0 1 f 

r: f 

742 

OR 

A 

13 in 

". :< r9 

743 

JR 

* 

i 

S.- 1 

o 

fsi 

t 3 t F 

1l1200 

744 

LD 

DE,BULVSZ 

t 322 

i 

74 5 

ADD 

HL, DE 

1 323 

vr 

74 A 

LD 

A,(HL) 

1324 

r:7 

747 

OR 

A 

l 

• 1 

/ 1 

. IR 

7,1 0K-$ 

1 

\ 

' 1 ' 

M 1 



GET BULIT COUNT 


CHECK IF BULLET IS AVAILABLE 


DELTA TO NEXT BULLET 


i It >U I II 


mm i 
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190 




• M 

, U ■■ i OWBUY 




< ( 

• * . 

, xUB 1 HvUN 

BULLET COUNT 


1 82:' 

' >i t 

•>r 
/ 0 --> 

701 LD 

A, < DC ) 


1 

• n 

i ■ 

* *» ■ 1 
# . >•! 

DFC 

A 


1 


755 

Lp 

(BC)#A 




756 

, SET SUE: TIMFR IF OUT OF BULLETS 

1 8/f 

. ‘ -?"»f* 

/5 7 

JF< 

NZ# BERASE-* 


13.'h 

ti »l «* 4F 

7* <8 

LD 

A# < CT7) 


1 956 

r/ 

759 

OR 

A 


[ 55 i 

:.i io 

760 

LD 

A, 10H 


1 933 

7802 

761 

JR 

Z# STSEC-* 


1 655 

: :f'02 

762 

LD 

A, 2 


1 6:57 

•5 034F 

763 

STSEC LD 

(CT7) i A 


1 8 5 A 

F ,z > 

7 64 

DEBASE PUSH 

HL 


\ 8 3P: 

r-itr 5 

~r / Cr 
/ O-.J 

PUSH 

IX 


1 83D 

♦“•0 

766 

LD 

A,(BC) 


1 65F 

i 

767 

LD 

L# A 


1 65F 

/ . .« M < 

768 

LD 

H# 0 


1 84 1 


769 

ADD 

HL, HL 


16 4 / 

•*" . * . 

770 

ADD 

HL# HL # 

*4 

1 843 

1 1. .902 

7/1 

L.D 

DE#BSY*256+REULX 

16 1 6 

till! BOO76 

7 72 

B IT 

MRFLOP# <IX+VBMR) 

1 64 A 

r io 

773 

LD 

A# 4OH # 

FLOPED MR 

} 84 r 


/ ’4 

JR 

Z# RITB-* 


164F 

M1 

; 73 

XOR 

A i 

NORMAL MR 



: r *■ 

4 / .• 

# NOW POSITION AND ERASE 


1 64 F 

f 

7 7 V 
* * 

RITJ3 ADD 

HL# DE 


1 950 

r i 

/ / o 

EX 

DE# HL 


1651 


r - T .-i 

/ / 7 

SYSTEM RELAB1 


1 655 

ft: 

780 

EX 

DE# HL 


1 354 

O. 05 

781 

LD 

B# 5 


1 656 

i l . 800 

782 

LD 

DE# 40 ; 

INC TO NEXT LINE 

1 359 

:M~F 

783 

BELP LD 

(HL) # OFFH ; 

ERASE A LINE 

I 35 B 

1 '• 

784 

ADD 

HL# DE ; 

GO DOWN A LINE 

1 350 

1 OFB 

785 

DJNZ 

BELP-* 


1 65 F 

1 600 

786 

LD 

D# 0 


J 860 

0H5F0F 

787 

LD 

E#(IX+VEARM) i 

GET CURRENT ARM POS 

1 333 

f • 

7 00 
/ 

LD 

H# D 


1 334 

63 

789 

LD 

L# E 


1 365 


790 

ADD 

HL# HL i 

*2 

1.366 

19 

/VI 

ADD 

HL,DE i 

*3 

1 367 

11991D 

A.. 

LD 

DE# BULTAB 


1 36 A 

1 9 

/ v 3 

ADD 

HL# DE # 

-> BULTAEM ARM) 

136 p 

r r: 

794 

EX 

DE, HL 


1 863 

r i 

7’*5 

POP 

BC ; 

BC:<==IX 

1 36 n 

r i 

7v6 

POP 

HL ; 

BUL CSTAT3 

1 36F 

P 5 

797 

PUSH 

HL i 

SAVE FOR ACTIVATE 

1 36 F 


798 

INC 

HL i 

BUL TDEL TIME! 

1 370 

560 t 

799 

LD 

(HL),1 ; 

MAKE BULIT JUMP OUT 

1372 

7* 

800 

INC 

HL i 

BUL C DEL XLOWJ 

1873 

0 : 

801 

INC 

BC # 

COW tSTAT3 

1374 

O 4 

802 

INC 

BC i 

COW tDEL TIME! 

1 375 

O 5 

803 

INC 

BC i 

COW CDX L03 

1376 

r i ii »8 i 9 

804 

CALL 

PUTVEC 


1 37- 

o : 

: in', 

INC 

BC i 

COW CXCHK3 

1 37A 

i» : 

: :< >/-. 

INC 

DC i 

COW CDY L03 

I37B 

♦’ * 

::*>/ 

INC 

HL i 

BUL CXCHK3 

1 378 

-v.o i 

6 • >8 

LD 

(HL)# 1 # 

LIMIT CHECK 

1 S7E 

V 

iL \ « 

809 

INC 

HL ; 

BUL CDY LQ3 

137F 

800319 

810 

CALL 

PUTVEQ 


1339 

FI 

811 

POP 

HL i 

BUL CSTAT3 

i - tOo 

9680 * 

812 

LD 

(HL), 80H i 

ACTIVE 

1335 


813 

SYSSUK SMUSIC 


1337 

1 24 F 

814 

DEFW 

MSTACK 


13F?7 

01 

815 

DEFB 

00000001 B i 

JUST NOISE 

188A 

DBiF 

316 

DEFW 

GUNSHOT 


183C 

09 

817 

i RET 





818 

; (TAKE A PISS BREAK 


188D 


819 

PISS: PONT 

PIZBRK i 

SEE IF I CARE 

188E 


820 

DO 

MRET 




821 

f CONVERT JOYSTICKS 


188F 

no;t6i4F 

O'" '7 
0^5:. 

JOYG LD 

IX,LCOWB 


t 898 

1 304 

O -7 O 
•. 

JR 

PJOY-^ 


1 995 

nr*;- i784f 

82.4 

JOY1 LD 

IX# RCOWB 




Cv'/r" 

»5 / _l 

i CONVERT 

JOYSTICKS 



www.FreePatentsOnline.com 



4 , 301,503 


192 


191 


1 f:vF 
1 9 07 

t 904 

1 9A7 


1 9B5 


lx HD 7- 

19BF FOTO 
t 9f O OF 
1 90 1 OF 
1802 OF 
1 9fOf 
1904 FF- 'F 


nr 

rTOO 

C" o 

'PJOY: 

LD 

C, (IX+VBMR) 


i i 

>->00 

327 


LD 

DE.128 



ooo 

C- x. *2 


LD 

HL,12S 




o j! 


SYSTEM MSKTD 

i 

nil 

109 

\ ) <0 

STUN 

LD 

<IX+VBDYH), 

H 

D» - 

T 8 08 

831 


LD 

<IX+VBDYL), 

L 

ni > 

; ;*04 

O 'Z* 

jL. 


LD 

(IX+VBDXH), 

D 

r.n 

'303 



LD 

(IX+VBDXL)» 

E 

C~ 


334 


RET 



DF: 

2 17S4F 

335 

PP0T1: 

LD 

IX,RCOWB 




o '.r* t* 


LD 

A, B 

i 

:t 


337 


CPL 


i 

1 r. 

<<5 

Ci ■ Ci 

i«. »■ » 


JR 

PPOT-* 


no 

.I614F 

3 39 

PROTO: 

LD 

IX,LCOWB 


73 


340 


LD 

A, B 



COMPUTE DELTAS 


POT MUST BE FLOPPED CUZ 
ARM IS FLOPPED 


34 1 
347 

343 

344 

345 
846 
347 


1 or/-, 7002 

O A. O 

i_i i^i 

1808 3F iip: 

849 

r xrA nn /OF 

350 

18CD C* 

351 

O r V“ 

\SCF Dl -POl 

358 

J :-:Dt F//-.0 

354 

13H3 FF'o 

ocrrr 

■_ji -_i 

1 9D5 ?S\if 

356 

13D7 DO 

357 

1SP8 DI »•' D075E 

♦ ' ■» tT 

•I* 

1 8DC: 08 

0^0 

i enn di»7/.oioo 

860 

1 8F1 00300701 

:=;61 

t 8 [ ' , t ■■> 

: :6 7 

I : :i 6 OK ’! 1/6 

\ < i, i , i 

\sry 1 f 

964 

1 ::! r: •• r: 

865 

1 . 3 FD nn 860202 

866 

ISP l nn: >60180 

367 

1RF5 71 RFID 

368 

1RFR 

869 

18FA CO 

870 

.1 8FP nn 360100 

871 

13FF rF’“3 

l-7? 

1901 30ID 

873 

1903 3 A904F 

874 

1906 B7 

875 

1907 CO 

876 

1908 1F4C 

377 

Ci ■ 7 o 

1 90A nos.-.OB 

379 

1 9 on 15 

880 

1 9 OF 

O O i 

V ► X 

1 9 1 0 oo 

«”«O' */ 
*7!' "T” 2 - 

1911 FT: 

CtC< 

191" i 1D7FF 

88 4 

1910 •'OO 

885 

1917 7f 

►*"'ft i" > j 

l” l ,■ 

1918 70 

887 

1.919 28 

’ll* ‘l 1 *z* 

191 A 13 6 

* 2 * O ' 1 ; 

1 91 T-. 70 

390 

1911": 1 9 

891 

191D 7OF 8 

■TvT}' 

19 1 F 09 

»“» y >, 3 

19/0 ffoo 

994 

192'? 300C 

895 

1924 1 F jl 0 

896 

1.936 DDC BOO 76 

897 

192A 70OF 

O / ij 

1 92 C 1 F" <8 

O •-/ C; 

19 ?F J PDA 

*700 


KART 


HITCHK; 


IF KN0B=7 THEN SET TO 6 
SET ARM POSITION 


CONVERT POT AND STORE 
F’POT AND OEOH 
RRCA 
RRCA 
RRCA 
RRCA 

CP OEH 
JR NZ, KART-* 

LD A,OCH 
LD <IX+VBARM),A 
RET 

CHECK IF BULLET HIT ANYTHING 

A,(IX+VESTAT) 

060H 

20H i CHECK ONLY IF BLANKED 

Z,HIT-* 

NC i RETURN IF NOT BLANKED YET 

VBCLAT,(IX+VEXCHK) 

Z 

BULLET HIT WALL 
SET LIMIT CHECK 


m 


LD 

AND 

CP 

JR 

RET 

BIT 

RET 

LD 

LD 

R[ I 

LU 

CP 

JR 

LD 

LD 


(IX+VBSTAT),0 
(IX+VBXCHK)i 1 


A,(IX+VBXH) i CHECK WHAT PART OF SCR ITS 
WAG X 

NC,HIT1-* _ _ 

(IX+VBTIMB),2 JMAKE IT JUMP OUT 
<IX+VBSTAT)* SOH ; RE ACTIVATE 
HLiBULLMT 


H IT 1 


LD 

SYSTEM VECT 
RET 

LD (IX +VEST AT >i0 

CP .RCACX 
JR NC,HIT2-* 

LD A> (WAGON) 

OR A 
RET NZ 
LD ErCCACX 

, ERASE OBJECT BULLET HITS 
ERASE LD Dj <IX+VBYH) 
DEC D 

SYSSUK RELAB1 
DEFB 0 
EX DE,HL 


BULIT DIES FROM WAGON ON 


IS IT A CACTI I? 
NOPE ITS A WAGON 
LOAD X 

LOAD Y 


EL OP 


HIT2 


LD 

LD 

LD 

LD 

INC 

OR 

LD 

ADD 

JR 

RET 

CP 

JR 

LD 

BIT 

JR 

LD 

JR 


DE,-41 
B, 0 
A,(HL) 

(HL),B 

HL 

(HL) 

(HL),B 
HL, DE 
NZ,ELOP-* 


ZERO THE SCREEN BYTE 


RCACX+8 i 

NC,DIE-* 

E,LCACX 

MRF LOP, (IX +VBMR) 
NZ,ERASE-* 

E,RCACX 
ERASE-* 


GUNFTR SAPCE 
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194 


193 


1930 

oneno076 

90 1 

DIE: 

B IT MRFLOP. <IX +VBMR) i WHO DIED? 

1*34 

?3t *r 

902 


JR Z,DLEFT-* 

1 930 


903 


SYSSUK SUCK 

1933 

nn 

904 


DEFB 11011101B 

[ - 

6 ] <1F 

905 


DEFW LCOWB 

1933 

08 

906 

' 

DEFB 8 

1 930 

n 11 f 

907 


DEFW TAPS 

193 E 

♦V-4F 

908 


DEFW RSCORE 

J 940 

1 30 A 

909 


JR DIE1 

1943 


9 1 d) 

dLeft 

SYSSUK SUCK 

1944 

nn 

911 


DEFB 11011101B 

1945 

78.4 F 

912 


DEFW RCOWB 

1947 

64 

913 


DEFB 100 

1943 

r i i f 

914 


DEFW FUNERL 

194 A 

A? IF 

915 


DEFW LSCORE 

1 94 C 

nn86i 106 

916 

DIET. 

LD <IX+VBLEGT). 6 ; SET FIRST CELL TIME 

1930 

nn: :61 284 

917 


LD < IX+VBLEG). KIL1. AND. OFFH i ?? 

1934 

nns6ol68 

918 


LD <IX+VBSTAT).068H ; KILL THE SOB 

1 07 : 

niVTOf: 

. .. | 9 


LD A. <IX+VBYH) i WHERE TO WRITE GOT ME 

\ >';r: 

11 , .< >:: 

' “ . 1 .) 


SUB S 

t 

ill: 

W 1 

► 

Cl * I LINE+9 

19! .f 

;.:ni >2 

922 


JR NCiDIE4-* 

1 961 

0620 

923 


ADD A, 32 

1963 

57 

924 

DIE4 

LD D.A i LOAD Y 

1 964 


925 


SYSTEM INCSCR 

1966 

2 B 

“926 


DEC HL 

1967 

7F 

927 


LD A/ < HL) i FIELD 

1963 

FF05 

928 


CP 5 ; INC IF LESS THAN 5 

I960 

OF 00 

929 


ADC A, 0 

1960 

77 

930 


LD <HL).A 



931 

i PLAY 

DEATH SONG 

I960 

60 

932 


LD H. B 

196E 

69 

CiO o 
“ 


LD L. C 

196F 

DD2I124F 

934 


LD IX.MSTACK 

1973 

2 F 00 

935 


LD A. 11OOOOOOB 

1975 


936 


SYSTEM BMUSXC 

1977 

OFOO 

937 


LD C.LARG2 

1 979 

v106IF 

oo 


LD HL.GOTME 

1 97C 

r 3 

939 


DI 

197 n 


940 


SYSTEM STRDIS 

197F 


941 


SYSSUK PAWS 

1 931 

FA 

942 


DEFB 250 

1 982 

”T '01 

943 


LD A. 1 

.1 984 

3'TiF.4F 

944 


LD <SEMI4S).A i SET FLAGO 

1 987 

f:9 

945 


RET 



946 

, FIELD 

PUTS UP THE CACTI I APPROP TO SCORE 



947 

; A=SCORE OF OPP PLAYER UPTO 6 



948 

; BO -> 

ARRAY OF Y POSITIONS 

1.988 

21F31E 

949 

FIELD: 

LD HL.CACTUS ; -> CACTUS PATTERN 

198B 

F5 

950 


PUSH AF 

1980 

3F08 

951 


LD A. 1000B 

198F 

f i;: 1.9 

952 


OUT < XF'AND) . A 

1990 

F 1 

953 


POP AF 

1991 

n oi 

954 


CP 1 

1 993 


955 


RET C 

1994 

FI 04 

956 


CP 4 

1996 

, :i »(>2 

957 


JR NC.TCAC-* 

1 998 

f Fit" 83 9 

y ,1 i^i 


CALL CACW 

1 993 

0 

959 

TCAC 

I NC BC 

1 990 

n 02 

960 


CP 2 

1 99E 

no 

961 


RET C 

1 99F 

rro5 

962 


CP 5 

1 9 A 1 

08 

963 


JR NC.MCAC-* 

1 9 A3 

r nr 31 9 

964 


CALL CACW 

1 9A6 

F \ i >3 

965 

HCAC 

CP 3 

19A8 

no 

966 


RET C 

1 9A9 

(" 'r 

967 


I NC BC 

1 9AA 

O:: 

9 6 c> 


EX AF.AF' 

1 *AR 

•roi 

969 


LD A.81H i ACTIVATE WAGON 

1 9AD 

V 04F 

970 


LD <WAGON).A 

1 9J50 

i‘i: , 

>71 


EX AF.AF' 

1 *B 1 

r nr 8 19 

972 


CALL CACW 

1 9F.4 

n «*4 

973 


CP 4 

1 *F6 

F«: : 

974 


RET C 

1 9B7 

«• : 

9/5 


INC BC 
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195 196 


f 

• \ r ■ •in 

976 

ID 

111TREE 



1 ‘ 4 :l : 

f 1 . 

v// 

PUSH 

FiP 


- 

i *4:! 

:| < <* 

: 

ID 

A, 1100B 



1 91 4 

n ; 19 

V /V 

OU 1 

< XPAND), A 



t 9CO 

FI 

980 

PUP 

AF 



1 VC 1 

CDCS 19 

9S1 

CALL 

CACW 



1904 

rroo 

982 

CP 

5 



1906 

DO 

983 

RET 

C 



1 907 

03 

984 

INC 

BC 



190 o 

F 5 

9 8 FI 

CACW; PUSH 

AF 



1 909 

no 

986 

PUSH 

DE 



t 90 A 

OA 

937 

LD 

A/ < EC) 



190 F: 

07 

9SS 

LD 

D, A 



1900 

3 EOS 

989 

LD 

A, 8 

i 

EXPANDOMATIC 

19CE 


990 

SYSTEM WRITP 



19D0 

01 

991 

POP 

DE 



19D1 

FI 

992 

POP 

AF 



19 D2 

f 9 

993 

RET 






994 

, PUT DEL X, 

Y INTO BULLET 

VECTORS 

19D3 

t A 

995 

PUTVEC LD 

A,(DE) 


TABLE CD L03 

1 904 

- T - 
/ / 

996 

LD 

(HL), A 

i 

BUL CD L03 

19D5 

12 

997 

INC 

DE 

i 

TAB CD HI3 

1 906 

03 

998 

INC 

BC 

i 

COW CD HI 3 

1907 

*7 “I 4 

c\. •• > 

999 

INC 

HL 

$ 

BUL CD HI3 

1908 

t A 

1000 

LD 

A,(DE) 



1 909 

“T —? 

1001 

LD 

(HL),A 



1 90 A 

~r 'T - 4 

1002 

INC 

HL 

i 

BUL CL03 

1 90 R 

13 

1 <303 

INC 

DE 

i 

TAB CHI 3 

1 9 DC: 

03 

1004 

INC 

BC 

i 

COW CL03 

1 900 

3600 

1000 

LD 

(HL) , 0 



190F 

02 

1006 

INC 

BC 

i 

COW CHI 3 

1900 


1007 

INC 

HL 

i 

BUL CHI 3 

1 9E 1 

OA 

1003 

LD 

A,(BC) 



19F2 

FB 

1009 

EX 

DE, HL 



1 9E3 

86 

101 <3 

ADD 

A, (HL) 



19E4 

FR 

101 1 

EX 

DE, HL 



19E5 

~7 ~7 

1012 

LD 

( HL ) , A 

/ 

BUL CHI 3 =COW CHI3+TAB CHI 3 

19F6 

18 

1013 

INC 

DE 

i 

TAB CD HI 3 

19E7 

f:9 

1014 

RET 






00 6 

; DUMPl OUT S 

TART UP ROUTINE 

(ONCE PER CAME) 

1 *4Vi 


I / 

IN II SYS:, HP AL 1 PAR 



1-411 

11 «•. 

1 o l: : 

DPI W 

MX SCR 



1 9 FT 

‘ : l 

1 A 1 V 

DEED 

84H 



1 9F0 

H)F 

1 0 20 

DEFW 

ENDSCR 



19FF 

:8 1 064F 

1021 

LD 

SP,STACK 



19F2 


1022 

SYSTEM INTPC 



19F4 


1023 

DO 

FILL 



1 orr. 

064 F 

1024 

DEFW 

STACK 



19F7 

r'i/.oo 

1023 

DEFW 

CT7-STACK 



19F-9 

< Mi 

1026 

DEFB 

0 



19FA 


1027 

DO 

SETB 



19FB 

02 

1028 

DEFB 

2**GSBSCR 



19FO 

F34F 

1029 

DEFW 

GAMSTB 



19FE 


1030 

DO 

SETGUT 

i 

SET UP GAME PORTS 

19FF 

03 

1031 

DEFB 

BLINE*2 

i 

BOTTOM LINE - VERT ELK 

1 A 00 

rv. 

1032 

DEFB 

RCACX/4+0C0H 

i 

HORZ BOUNDS 

1 AO 1 

0 3 

1033 

DEFB 

8 

i 

INMOD 

1 A 02 


1034 

DO 

COLSET 



1 A 03 

l~ i 0 

1 03 0 

DEFW 

GFCOLS 



1 Aor, 


1036 

DO 

BMUSIC 

i 

PLAY STREETS OF LOR 

1 AO 6 

1 IF 

1 0 37 

DEFW 

MSTACK 



1 AOS 

fo 

1 038 

DEFB 

1 1 DO000OB 

i 

ON VOICE A 

1 009 

A : IF 

1039 

DEFW 

HOME 



t AOR 


1040 

EXIT 






104 1 

i 







104 2 

, ONCE 

A ROUND START UP ROUTINE 



1043 

j fr-fr-fr-fr-K- 

1 AOC 


1 04 4 

STRND: 

DI 

i aod 


104 3 


SYSTEM INTPC 



1 046 

; IN IT 

HANDLES,BULLETS, TIMERS 

1 A A F 


1047 


DO MOVE 

1 A 1 0 

ns if 

1048 


DEFW CT5 

1 A 1 2 

or oo 

J 049 


DEFW 12 

1 AI 4 

FT \ Fl 

1 050 


DEFW SINIT 



J 05 L 

; COLOR 

BANNER 

1 A 1 6 


1 032 


FILL? NORMEM,BYTEPL*ALINE, OFFH 
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198 


197 



io“ 

; ERASE SCREEN 


1A10 

1034 

FILL? NORMEM+BYTEPL*ALINE, EYTEPL*(BLINE 


1033 

; RESET VECTORS 


1 f\?2 

1036 

FILL? STRRAM, ENDRAM-STRRAM,0 


1 037 

; SHpU SCORES 


1 A?:-: 

10*58 

DO SUCK 


1 A?? 1 

1039 

DEFB 00010000B i 

IX 

1 A2A Al'Av 

1060 

DEFW FNTSMt 


1A/C 

1 061 

DO DISNUM 


1A2D Of: 

1062 

DEFB LNX 


1A/P 02 

1063 

DEFB BSY 


1 A2F Of: 

1064 

DEFB TIME 


1A30 r1 

1063 

DEFB 0C4H ; 

ZERO SUPRS, SMALL 

t A 81 A.' IF 

1066 

DEFW LSCORE 


1 A 9:3 

1067 

DO DISNUM 


1 A 34 : 

1063 

DEFB RNX 


1A‘:5 O/ 

1069 

DEFB BSY 


1 AAA Of: 

1070 

DEFB TIME 


1AA7 04 

1071 

DEFB 0C4H 


1 A A:: A04F 

In/; 

PFF W RSCORE 



1 < ■ / : 

, * lU i .f. 1 OR END OAME 


1A it 

1 1 ' / *1 

DU KlAL.L 


1A T: ::/H: 

10/0 

DEFW ENDOAM 


t A"*n 

1076 

TEXT GETRDY,GRX,GRY 

. LARGE 

t A‘13 

1077 

EXIT 


IA44 Ar 

1 078 

XOR A i 

SET UP WAGON 

1A45 32904F 

1079 

ED < WAGON) , A # 

STOP WAGON 


1080 

, PUT UP PLAY FIELD: 


1 A 4 3 3AA14F 

1031 

LD A# (RFIELD) ; 

NUMBER OF CACTI I 

1A4R 1FS3 

1032 

LD E,RCACX 

RIGHT CAC COLUMN 

1A4D 013210 

1083 

LD BC,RFTAB ; 

POSITIONS TABLE FOR 

1 A 50 f:D331V 

1084 

CALL FIELD i 

PUT THE CACTI I UP 

1A53 3AA54F 

1035 

LD A/(LFIELD) 


1A30 1E40 

1086 

LD E,LCACX 


i ass o i r:n i n 

1087 

LD BC, LFTAB 


1A5F: r 03319 

1088 

CALL FIELD 



1089 

, INITIALIZE Q POIN T ERS 


1A5F -:F4F 

1090 

INI TO LD A# LCOWB. SHR. 8 


1A AO *:?:M4F 

1091 

LD (WRITQ+2)* A 


1AA3 92174F 

1092 

LD < VECQ+2),A 



1093 

; SET UP VECTORS SO COWBOYS 

WALK OUT 

1 AAA nn"i 1 a 14F 

1094 

LD IX ,LCOWB ; 

LEFT COMBOY VECTOR 

1AAA 00300010 

1095 

LD <IX+VBMR), 10H 


1AAF 21154F 

1096 

LD HL, VECQ 


1A71 30941C* 

1097 

CALL C0WI|4T 


1A74 nn?l7S4F 

1098 

LD IX * RCGWB ; 

RIGHT COWBOY VECTOR 

1A78 DO360050 

1099 

LD <IX+VBMR), 50H 


1A73 303410 

1100 

CALL COWINT 


1A7F 8A904F 

1101 

LD A,(WAGON) i 

IF WAGON IS ON 

}A87 07 

1102 

OR A 


1A33 2310 

1103 

JR Z,NIDC-* 


1A85 riH218F4F 

1104 

LD IX,WAGVEC ; 

THEN ACTIVATE WAGON 

1AS9 00260010 

1 105 

LD (IX+VBMR), 1OH 


1 A8D n0:360003 

1 106 

LD (IX+VBYCHK), 3 


1A91 003 '-0840 

1107 

LD (IX+VBDYL),40H 


1A90 00360643 

1108 

LD (IX+VBXH), 72 


1A99 00360B0A 

1109 

LD (IX+VBYH ), TLINE 

tA90 3004ID 

1110 

CALL ADDTQ 


1AA0 t BOB 

1111 

JR BORG-* 


1AA2 3F03 

1112 

MI PC: LD A, 8 


1AA4 0319 

1113 

OUT (XPAND),A 


1AA6 

1114 

SYSSUK WRITP i 

ELSE PUT UP A CACTUS 

1AA8 43 

1 1 15 

DEFB CCACX 


1AA9 2h 

I 1 16 

DEFB MCACY 


1AAA 08 

1 117 

DEFB 8 ; 

EXPAND 

1AAR F81F 

1118 

DEFW CACTUS 



1119 

, INITIALIZE BULLET VECTORS 


1AA0 111200 

1 1 20 

BORG: LD DE, BULVSZ 


1 ABO D02 1134F 

1121 

LD IX,BULV1 


1AB4 012004 

11 22 

LD BC,4*256+20H 


1 AB? 3302 

1 123 

LD A, 2 


1AB9 Rx 

1 J 24 

BULEP CP B 


1APA 2 <>02 

1 1 25 

JR NZ,TIYU—$ 


1 ARC oron 

1 126 

LD C, 60H 


i Apr nrr/joo 

1127 

TI YU LD (IX+VBMR),C 


1 A31 DD360701 

1128 

LD <IX+VBXCHK),1 



cacti r 
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199 



xUU 

1 .'\r r « 

tin v.i*ro:s 

11 


xn 

<I X WRYCHK )t 3 

i r<\ ' 

CM ■ 

'1 1 :n 


Aim 

I X, OF 

1 /i 1: 

Oil 

Li t 


Lain? 

BULLP * 



1 1 

, 1 1 hi 

UP IN i ERKUPTS 

1 H1 I < 

in 

1 168 


LO 

A, INTTBL. SHR. S 

1 AC F 

FD 47 

1134 


LD 

I, A 



1 135 

i 

IM 

2 > BONE IN MENU 

1 API 

OF 78 

1 1 96 


LD 

A, LFRVEC. AND. OFFH 

InH 6 

noon 

1137 


OUT 

(INFBK).A 



1 1 38 

i> ** * 





1 1 39 

; LET 

COWBOYS WALK OUT 

■* 


1140 

, 



t ADj 


114 1 

WALK: 

SYSSUK PAWS 

1AD7 

64 

1142 


DEFB 

100 

1A Do 

F 9 

1 143 


DI 


1AD9 

rm; i one7 

1144 


LD 

IX,FNTSML 

t Ann 


1 145 


SYSTEM I NTPC 



1 146 

, ERA:: 

3E GET READY 

ir nr 


1 14 7 


DO 

BLANK 

1 r.rt • 

i 

1 1 48 


DEFB 

18 

i r.r i 

Of 

1 L 49 


DEFB 

8 

i r.r ? 

11 

i 1 00 


DEFB 

OFFH 

1 AF 

1 •( t u M iiJOO 

1 131 


XYDEFW <GRX/4)+4000H,GRY 

1 AF7 


1 J 52 


TEXT 

DRAW,DRX, GRY, LARGE 

1 or n 


1 153 


DO 

CHRDIS 

i r.r r 

t 

1 154 


DEFB 

LBULX 

t err 

i'ii 

1 i 35 


DEFB 

BSY 

1 r.ro 

Ot 

1 157. 


DEFB 

BULT 

i r,r i 

FT- 

1 157 


DEFB 

OEBH i BULLET 

i or / 


1 158 


DO 

MCALL i 5 MORE 

1 OF" 

5TM t : 

1 159 


DEFW 

BULRIT 

i or*' 


1 1 60 


DO 

SUCK 

1 i'.rv. 

O 1 

1161 


DEFB 

00000001 B 

1 OF'-* 

i .! 

1 1 6 2 


DEFB 

RBULX ; DO THE RIGHT ONES 

1 or 


1 163 


DONT 

CHRDIS i DISPLAY FIRST ONE 

101 •' 


1 164 


DO 

MCALL ; DISP THE OTHER 5 

i or a 

o io 

1 165 


DEFW 

BULRIT 

l ore 


1166 


DO 

PAWS 

t of n 

", t 

11 67 


DEFB 

60 

10FF 


1 168 


DO 

BLANK 

1 A*~r 

i\ t ; 

1 169 


DEFB 

3 

1 r.c.o 

06 

1 1 70 


DEFB 

8 

i not 

H 

1171 


DEFB 

OFFH 

1 no ;> 

t o ,(»OOu 

117? 


XYDEFW < DRX/4)+4000H, GRY 

inn 


1 1 7 9 


EXIT 




1 175 

, V « \i 

i: fr 




1 1 A. 

. l ift { N I i «OP 1 

.1 IRINA ROUND 



1 L / / 

, i <1 1 

■> Mnl ini 1 

S.E I S VECTORS AND CHECKS BULLETS 

1 no / 


1 l 7 8 

LOOK 

bYolKM INTPC 

] F:09 


1 1 79 


DO 

SENTRY 

1 BOA 

1 102 

1.180 


DEFW 

ALKEYS 

1 ROC 


1131 


DO 

DO IT 

1 ROD 

381R 

1 182 


DEFW 

DTAB 

1 RDF 


1 1 83 


EXIT 





1 1 85 

, CHECK 

FOR DEATHS 


1F: i 0 

DD21184F 

1 186 

DEATH 

LD 

IX,BULV1 


1R14 

111700 

1187 


LD 

DE,BULVSZ 


IB 17 

0604 

11 S3 


LD 

B, 4 


1R19 

05 

1J 89 

LPPP2 

PUSH 

BC 


t R1 A 

R5 

1190 


PUSH 

DE 


1 n i r 

C l ii F 1 8 

11 9 1 


CALL 

HITCHK 


1 F: 1 F 

m 

1 1 92 


POP 

DE 


1 R 1 F 

r i 

1. 1 93 


POP 

BC 


in “'ii 

ni'i 9 

1 194 


ADD 

IX, DE 


1 R23 

:~Y,hr IF 

1 195 


LD 

A,(SEMI4S) 

; CHECK IF DEATH MODE 

in - 5 


1 1 96 


DEC 

A 


1 n?6 

7: iF 

1 197 


•JR 

I, LOOP-* 


1 R/O 

1 ‘T F 

1 1 99 


D.JNZ 

LPPP2-* 


i r; a 

1 "nr: 

1 1 99 

1 700 


JR 

LOOP-* 

t 

t F: ?r 


1701 

ENDRND 

EXIT 



1 C: ?n 

C -i 1 A 

1 / u 

1203 

J 

JP 

STRND 
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202 


201 


>Oi : :4F 

1 204 

ENDGAM: LD 

I R3 7 ft: T 

1 2: os 

BIT 

1 f: 35 t :; 

1 206 

RET 

1R 76 

1 207 

SYS 


A, < GAMST8) 
GSBEND, A 
Z 


1 r-::> 

1 2<*.y 

1 H :!■: 

1 7 1 0 

i r:"=r 

1211 

ini 

1 21 2 

t r:4 4 

.1 71 3 

i r i ? 

1214 

\ 0 10 

1 2 1 5 

i f -i r» 

1 7 1 6 

1 R56 

12 17 

1 r'. : 

1 2 1 a 


JNF' SCT7, ENDRNO 
JMP SFO,ENDRND 
RC SPO,PPOTO 
RC SP1,PPOT1 
RC SJO, JGYO 

RC Sdl, JOYl 

MC SKYDi PISS 
RC STD,FIREO 
RC ST 1 > FIRE 1 
RC SSECjDCLOCKi +END 


1 2 7 1 ' PULRIT DONT CHRDIS 

1 M I ii iN I CHRD IS 

1 DON f CHRD IS 

1 - 2: - : dont chrdis 

1224 DONT CHRDIS 

1225 DONT MRET 


1 B5D 

OS 

1227 

1228 

1229 

1230 

1 R5F 

no 

1231 

1 B5F 

nriFG 

1232 

1 B 6 1 

":F7S 

1233 

1 R62 

n :on 

1234 

J B 6 *- 

■;f vs 

1 235 

1 BO 7 

n ■••or 

1 236 

1 F:/.* • 

1 ! 2 4 F 

1 237 

1 R/.i 

i rtrf-.RiD 

1238 

1 R 6 f 

RH/91D 

1 2 39 

1 B7 2 

or 

1 240 

!R7? 

'2 r F OF 

1241 

1 B7* # . 

r«i m f •(’. 1 4 

16 1742 

1 B70 

* t i jj 2 !> 

1243 

lB7r 

i i o*; I 4 

1 244 

1 245 

1B7I 


1 246 

1 B 8 1 

-.tr 

1247 

1 F :8 

m./.r i ? 

1 248 

1 BFV 

r 

1 249 

1 P:F:“* 

i “ 

1 250 

1 B 88 


1251 

t RCA ! 

•Ot 12016| 

1252 
=J 1253 

1 R*F 

'•’* :0 

1254 

tR ’~'6 . 

i HRJ n 

1255 

1 B '*1 

> u « 

1 256 

1 BOO | 

41' .f-'of 

1257 

1 I 

■ ' 

12 .5 y 

1 B"> * 

■r 

1 75? 

IF: . 


1 260 

1 n:~l - 


t 261 

1 R* 1 * f 

1 : 

t 262 

t R-4 > 


1 763 

1 fy~\ 

1 1 '-IF 

l 264 

IRA.' t 

O i, * 

1 765 

IF: A 4 1 

1 "4 1 6 

1266 i 

1 267 G 

1 TA? 


1 768 

IRA' .- 

1 4< >1F 

1 26? 


' #*******##.**#***#*** ## ****** #<H$##### 
; * GUNFIGHT WRITE INTERRUPT ROUTINE * 

; ***********Ht***************** # **** ## 

UFWRIT: EX AF# AF' 

EXX 


PUSH IX 

A, LFRVEC. AND. OFFH 
<INFBK ) t A 
A, LFRLIN 
(INLIN),A 


ESTABLISH TICKS INT 


BEGINT: LD 
OUT 
LD 
OUT 

LD HL*WRITQ 
CALL FIRST 
CALL DELQ 
XOR A 
CD (URINAL)/A 


i GET FIRST WRITE Q ENTRY 
i DROP FROM WRITE Q 


BUT VBSWAG/ (IX+VBSTAT) ; WAGON? 

JR NZ/GFWRT1-* ; JUMP IF YEP 
' OUNFIuHTER - BLANKETH HIM 


LD DE/ 1405H 
SYSTEM VBLANK ; 
LD H, LEGO. SHR. 8 ; 
LD L,(IX+VBLEG) 
INC L ; 

INC L 


LOAD BLANKING PARMS 
CALL BLANKER 
WRITE LEG PATTERN 

SKIP OVER LINK AND TIME 


IS 


hND WRITE LEG 


t-vyitM VWRITR 
GUNFIGHTER DEAD? 

BIT VBSINT/ (IX+VBSTAT) 

JR NZ/GFWRT5-$ ; JUMP IF SO 

hr r L l'ARMTBL ; LOOKUP ARM PATTERN 

LU Di O 


LD E, <IX+VBARM) 
ADD HL, DE 
LD E,(HL) 

INC HL 


LD D, (HL) 

EX DE, HL 
SYSTEM VWRITR 
LD HL, GFBODY 
JR GFWRT2-* 
BLANK THE WAGON 
FWRT1: LD DE, 1604H 
SYSTEM VBLANK 
LD HL,WAGPAT 


i WRITE ARM PATTERN 
• LOAD BODY PATTERN 
> JOIN WAGON WRITE 

i LOAD WAGON SIZE 
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203 


1 Df.f 


1 270 

GFWRT2 

i nor 

Mr*, f-r 

1271 

GFWRT4 

i nr i 

M«/ .on 

1 272 


11:1 4 

' 1 l r -4F 

1273 

0FWRT3 

11 1' r 

i 12.1 1 U 

t . / 4 


111 ., 

Mil 1 

1 .• /'• 



SYSTEM VWRITR 


nil »•:; 
l 1 :f 11 11“ • 
t PI :f r\ : 

1 ERF I 

1 pro ? 1 of: l F 

1809 t -I 7 


I .■ /.S 
1 2 / / 
1 2 7 S 
i 279 
1 280 
1231 
1 732 
1 283 
1 284 


LD 
LD 
LD 
t 01 L 
I Hf 
EX 


<IX+VBOAH), D 
(IX+VBOAL), E 
HL,VECQ 
ADDTQ 
IX 

AE, AL 


NOW WRITE 


ADD VECTOR TO VECTOR Q 


j nr 8 m 

IRfY;. fT 
i dc 7 m 
1 DC 8 F* - * 
l or? nr»r 


i rr n 
i nr r 
i rn i 

J T:li ": 
inn/. 

I nr 17 

II T'A 

1 » T if 


; i i ■ 4 r 
! I I I 00 

O. - • l 

in.: l n 

i i i. To 


{». 

i i 


i n 


tr nr of 

1 Df O 

i nr i 

mm m 


! »*F 
■ I 

i l 34F 


1 f [ "• M i :nt ?6 

irrn m 
mrr it*, .of 
mi ? f; * on 
irr ; r 1 ' : or 
m.f-3 I* . I 
i nr a ' ■ ■ -■ 

i rrr j ii i : :o i bo 


If O, > f ■: 
1 ' * 1 

1 r n/-. i •! 
1 r <v 

1 r»-» 
l r or 
tm 
1 r 

1 f 1 7 
1 r i ii 
t r i n 
nrr r 

t ii F 

l r t r 


i 




1 /E 


IT 

I'D 

1 I 

M ■ 

m 


*..OB 
■i *V> 
! «',n 


of 

«‘>n 

OF 

TO 


i o i 


I 

/! 
r i 


If 20 2.11) 

m72 r / 

11 * 1 - 
t • ' . |>l I ! .< * I I I 

I i M <» i •» • 11 [. 

Jf.'i [ tfu | :f>! p 6 


1 r 24 
t r.;-:/, 


EIRE 

GF'WRT 


I : 

I : 

I :S4 

1 33S 


El 
RET 
LD 
JR 


HL, NULPAT 
GFWRT2-* 

****■#-*■***•«-#**HHt ***** *************** 

* GUNFIGHT LOW FOREGROUND ROUTINE * 

* tt###****#*'*#* ttIHHHHHHHI *•*** + ■**■***#* 


X 

GFLFR: 

PUSH 

AF 

1 236 


PUSH 

BC 

1237 


PUSH 

DE 

1233 


PUSH 

HL 

1 239 


PUSH 

IX 

1290 

; BUMP 

TIME ] 

BASES OF ACTIVE OR INTERCEPTED VECTORS 

1291 


LD 

HL,EULV1+VBSTAT 

1292 


LD 

DE,BULVSZ-1 

1293 


LD 

B, 4 

1 294 


CALL 

TBUMP 

1290 


INC 

HL ; SKIP LINK FIELD 

1 796 


LD 

DE,GFVSIZ-1 

t 29 7 


LD 

B, 3 

l 2 9 3 


CALL 

TBUMP 

1 999 

; LOOP 

TO UNWRITE, THEN WRITE ALL 4 BULLETS 

1 200 

. BUT FIRST, 

A WORD TO OUR SHIFTER 

1 90 J. 


XOR 

A 

1 302 


LD 

(URINAL), A 

1303 


LD 

B, 4 

1 304 


LD 

IX,BULV1 

1 90S 

, UNWRITE THIS OUV? 

1 306 

WRBUL1: 

BIT 

VBBLNK,<I X+VBSTAT) 

130/ 


JR 

Z,WRBUL2-* i JUMP IF NOT 

1 91):-: 


LD 

H,(IX+VBGAH) 

1 309 


LD 

L,(IX+VBOAL) 

1 310 


LD 

A,(IX+VBARM) ; GET LAST MR 

131 1 


OUT 

(MAGIC),A 

131 2 


LD 

(HL),OCOH i UNWRITE BULLET 

1 913 


RES 

VBBLNK, <IX+VBSTAT) i CLEAR BLANK BIT 

1 9 l 4 

, SHALL WE WRITE THIS GUY? 

1 9 1 5 

WREUL2 

: BIT 

VBSACT, (IX+VBSTAT) 

1 916 


JR 

Z.WRBUL4-* 

1317 


LD 

D. <IX+VBYH) 

1 9 J 8 


LD 

E,(IX+VBXH) 

l •: 19 


LD 

A,<IX+VBMR) 

1.920 


SYSTEM RELATES 

l 82 1 


LD 

(IX+VBOAH),D 

1 32 2 


LD 

(IX+VBOAL)# E 

1 329 


LD 

(IX+VBARM),A 

1 92.4 


LD 

HL,NORMEM-SCREEN 

1323 


ADD 

HL, DE 

1326 

DIFER 

EQU 

UR I NAL-SCREEN+NORMEfl 

1 377 


LD 

A,(HL) 

1 323 


EX 

DE, HL 

1329 


LD 

(HL),OCOH 

1 330 


OR 

A 


WRUM. 


JR 

KLS 

SL'I 
3F T 


1 , WRBUL3-* 


.JUMP IF NOT 


VBSACI, ( 1X+VBSTAT) 
VBS1NI, ( IX+VI9STAT ) 
VBBLNK, ( I X+VEiSTAT) 


KILL ACTIVE BIT 
SET INTERCEPT BIT 
SET BLANK BIT 


STEP TO NEXT BULLET VECTOR, LOOP BACK IF NOT DONE 


If 
l< 

Ii 
If 4 
1 f* 4 


111200 

'1 936 

WRBUL4: LD 

DE,BULVSZ 

nni*> 

1 337 

ADD 

I X, DE 

i r, n i 

1 338 

DJNZ 

WRBUL1-* 

1 339 

; GET NEXT PATTERN TO WRITE, AND 

. t124F 

1340 

LD 

HL,WRITQ 

i l u 1:1D 

1341 

CALL 

FIRST 

2: 9 J 2 

1342 

JR 

Z,WRBL5A-* i JUMP 

3F70 

1343 

LD 

A, WRTVEC. ANB. OFFH i 

noon 

1344 

OUT 

(INFBK),A 


SET FEEDBACK REG 
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l r 4 

nr»7F0E: 

1345 

LD 

A, (IX+VBYH) ; 

WHICH WINDOW TO USE? 

1P 4 7 

Ff 

1346 

CP 

WINBNP ; 

COMPARE TO WINDOW BOUNDARY •* 

K4' 

:rv»r> 

1 547 

L.D 

A,GOTLIN ; 

ASSUME BOTTOM LINE 

\ i .it: 


1 348 

JR 

NC, WRBUL5-* ; 

JUMP IF GOOD GUESS 

1 r r i 

t v. 

1 549 

LD 

A, TOPLIN i 

WRONG - USE TOP 

1 f 1! 

(* • <i 

1 550 

WRBUL5: OUT 

(INLIN), A i 

SET LINE REGISTER 

1 r ‘ • s 

•' t 

1 53 1 

El 





l 352 

, LOOP THRU 

VECTORING THOSE DAMN BULLETS 

! f r 

nn. t184F 

1 35 3 

WRBL5A LD 

IX,BULV1 


l r’i' 

■■■/.< *4 

1354 

LD 

B» 4 


ir r .: : 

1 . 4 ID 

1 355 

LD 

HL,BULLMT ; 

HL = BULLET LIMITS TABLE 

IfM 

i i t ‘ -0 

J 356 

LD 

DE,BULVSZ 


ir rr 

M'» I*m »17£ 

1 357 

WRBUL6: GIT 

VBSACT,(IX+VBSTAT) i ACTIVE BULLET? 

1 r *' .. 

| H , ♦) 

J 358 

JR 

Z, WRBUL7-* 


ir/ t 


1 559 

SYSTEM VECT 


ir/ ■ 

n» • r:r«7DF 

1 560 

BIT 

VBCLAT,(IX+VBXCHK) ; DID Y HIT EDGE? 

1 r /.r, 

.< < i 

1 361 

JR 

Z,WRBUL7-S i 

NOPE 

ir /; 

r.t-i | I F:K 

i 3c. .3 

RES 

VBSACT, <1X+VBSTAT) ; DEACTIVATE BULLET 

i f 

i n, ' 

1 JO 3 

WRBUL7: ADD 

IX, DE 

, 

tr / 

1 i A 

1864 

DJNZ 

WRBUL6-* i 

LOOP BACK 



1 365 

i NOW PUT SOMETHING ON THE 

WRITE Q 

1 f vi 

♦ * •* 1 / 

1 366 

LD 

B , 2 i 

MAX 2 TIMES THRU 

n"7.\ 

. t «4F 

1 367 

LD 

HL, VECQ 


ir 

• l - C:lD 

1 368 

GVECT: CALL 

FIRST i 

GET VECTOR Q ENTRY 

l r 

i * il < i C 

1 >6 9 

JP 

Z,GVECT4 ? 

JUMP IF Q EMPTY 

H'7r 

'D. Hi 

1 370 

CALL 

PELG ; 

DROP FROM VECTOR Q 

!»'■:. 

i 1 

1 -37 1 

El 





1 372 

1 WAGON? 



* 

CD. 1 , . | 4A 

137 3 

GIT 

VBSWAG, (IX+VESTAT) 


’ ' • ■ /1 p 

1 37 4 

JP 

NZ,GVECT5 i 

JUMP ON WAGON 



1 3 75 

; DEAD? 



I r :• A 

M - |.n|/-,F 

1 576 

BIT 

VBSINT,(IX+VBS 

TAT) 

ir: | 


J 3 77 

JR 

NZ,GVECT1-* i 

JUMP IF DEAD 



l -; 78 

; ZERO VELOCITY? 


u 

1 ! . i i , 

1 579 

LD 

A,<IX+VBDXL) 


11 •- 

' 1 '1*4 

1 380 

OR 

<IX+VBDXH) 


1 f ,/J 

1 .fit 

1 881 

OR 

<IX+VBDYL) 


1 r *' » 

1 ti 4 r> 

! 382 

OR 

( IX+VBDYH) 


1 r ■"/( 

; ■ i \ 7 

t jy j 

JR 

NZ,GVECT1-* i 

GVECT1 IF NONZERO 

If n 

Ah/ 70? 

1 384 

LD 

< IX+VETIMB), A 

i ZERO TIME BASE 

1( Al 

1 hi 1 5i.i | / z .( r , 

1 585 

BIT 

VBSNON, < IX+VBSTAT) i ALREADY STATIONARY? 

1 f A'« 


1 386 

JR 

NZ,GVEC3A-$ 




1387 

i SET STATIONARY LEGS 


ir a • 

mi i ;if 

1 . 

LD 

< IX+VBLEG). LEGO. AND. OFFH 

h AJ. 

i >i i< i *« • i r*f 

1 :::9 

SET 

VB'iCHG. (IX+VBS 

TAT) 1 SET CHANGED 

! t ! ,| 

Alti l.oil.A 

1..." -o 

Sfc T 

VDSNOM, ( IX+VBSTAT, : AND STATIONARY 

If |; : 

1;. ;; 

1391 

JR 

GVEC3A-* i 

JUMP TO ARM CHECK 



1392 

i MOVING GUNFIGHTER 




1393 

i VECTOR 



icr-.n 

;•«C7 i p 

i 394 

GVECT \ : *LD 

HL,GUNLMT i 

LOAD GF LIMITS 

1 frr 


1395 

SYSTEM VECT 


i r r: a 


1 396 

JR 

Z,GVECT2-$ i 

JUMP IF HE DIDN'T MOVE 

1 r f :f 

fif t» fiOlHF 

1 897 

SET 

VBSCHG, (IX+VBSTAT) ; SET CHANGED BIT 

inn 

Fiht B01A6 

1398 

RES 

VBSNOM, <IX+VBS 

TAT) ; CLEAR NOT MOVING STATUS 

* 


1 jv9 

; NEED WE GO 

TO NEXT CELL IN ANIMATION SEQUENCE? 

irc4 

Drr/rii 

1400 

GVECT2: LD 

A, <IX+VBLEGT) 

i A = ANIMATION TIMER 

ICC 7 

91 

1401 

SUB 

C i 

SUBTRACT TIME BASE 

ICC 55 

f; riAic 

1402 

JP 

P,GVECT3 i 

JUMP IF NOT COUNTED DOWN 



1403 

; GET NEXT CELL 


l r r r r 

♦ 

-n 
■« 

K* 

1 404 

LD 

E, <IX+VBLEG) ; 

GET LINK 

1 r r r 

i u 

1 105 

LD 

D, LEGO. SHR. 3 ; 

SET H. 0. PART 

ir nr, 

i . 

1 406 

LD 

A, (DE) i 

A ■ NEXT 

i r n i 

H * '17 

1 4 07 

LD 

<IX+VBLEG),A 


inn 

1 

1 408 

INC 

DE ; 

STEP TO TIMER 

tin*. 

1. . 

1. 109 

LD 

A, <DE) i 

GET NEW TIMER 

j i i *. . 

1 :! •• l 50 I AF 

1 410 

SET 

VBSCHG, < IX+VBSTAT) < SET CHANGED BIT 

1 r t .a 

n* ii 

14 11 

GVECT3: LD 

< IX+VBLEGT), A i 

STORE BACK TIMER 



t 4 1 3 

; DID ARM CHANGE? 


n i*i, 

n ; r>r 

1 4 i : 

GVEC3A: LD 

A,(IX+VBARM) 


1 r i • * 

1 - t 10 

1114 

CP 

(IX+VBOARM) ; 

COMPARE TO OLD ARM 

n r : 

" ’ * 

1 11 5 

JR 

Z, GVEC3B-* ; 

JUMP IF NO CHANGE 

n r 

r-i .* 1 . i r,E 

1 4 i 6 

SET 

VBSCHG, < IX+VBSTAT) ; SET CHANGED BIT 

ti ! - 

r i ■),;» 

1 1 1 7 

LD 

( IX+VBOARM), A 




1 4 1 8 

. ADD ITEM TO 

1 WRITE Q? 


11 r i 

rv 

1 4 1 3 

GVFC3B: BIT 

VBSCHG, < IX+VBSTAT) 
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208 


t ( 1 ' ‘ 


i t 

1 4 70 

JR 

NZ,GVECT6~* i YES GVECT6 




J 4 7 1 

, NO CHANGE - 

LINK TO VECTOR Q 

in - 

:• i * 

’ .-IF 

14 77 

LD 

HL,VECG 

lii'- 

i ! ■ 

i i n 

14:7 

CALL 

ADDTQ 

ii 1 :"r 



1474 

DEC 

B 

U 1 •' 

r 

■ 1 L 

14 75 

JF 

NZ,GVECT i SUB FOR DJNZ 

|,n 

1 ! 


1 470 

GVECT4: El 


in »■ 


i < t i 

1 4 7 7 

CALL 

STIMER 

1 fu " - 

!■! i 

\ 

1 427: 

POP 

IX 

11 " 

r ■ 


1429 

POP 

HL 

tr,,. : 

1-5 


1 4 70 

POP 

DE 

l D« -4 

r i 


1 431 

POP 

BC 

11 '^. 

t ; 


14 72 

POP 

AF 

1 p- ■ • 

r 


1 4 7.7 

RET 





1 1 74 

, VECTOR AND 

Q WAGON 

11 "* 

. i 

t n 

14 7. 

GVECT5: LD 

HL,WAGLMT 

t r» 



1 496 

SYSTEM VECT 

j r" ^ 

i 

1 4F 

14 77 

LD 

HL,VECQ 

l r *« -i 

i r 

1 D 

1 4 78 

CALL 

DELQ i REMOVE FROM VECTOR Q 

tin . 

1 ! ■ 

t .i * l : 'F 

1 4 :9 

GVECTA: RES 

VBSCHG,(IX+VBSTAT) 

t n i /. 

:• i t 

. IF 

1440 

LD 

HL,WRITQ 

i n 1 ■> 

1 1 :■ 

l i n 

144 1 

CALL 

ADDTQ 

inn' 

1 « 

1 

1442 

JR 

6VECT4-* i JUMP BACK TO QUIT 




1443 

; ROUTINE TO 

BUMP TIME BASES OF VECTORS 

1111 r 

71 


1444 

TBUMP: LD 

A, (HL) ; GET STATUS 

i tin 

r 


1 140 

INC 

HL. 

t h << 

t n«» 

t -M/. 

AND 

OAOH i ACTIVE OR INTERCEPTED? 

th. 

. :i i 

1 

1 4 4 / 

JR 

1, 1 BUMP1-* i NO - TBUMP1 

It* l 

■4 


1 4 48 

I NC 

(HL) i BUMP THE TIME BASE 

in; r ; 

1 


1449 

TBUMP1: ADD 

HL, DE 

1 D/A 

1 OF A 

1450 

DJNZ 

TBUMP-* 

1 r»? : 

1*9 


1451 

RET 





1 452 

, SUBROUT INE 

TO DELETE ENTRY AT FRONT OF Q 




1 453 

; ENTRY: 

HL = HEAD-TAIL/ IX = OBJECT, A = C-LOBBERE 

tr»/ ' 

1 . 


1454 

DFLQ: DI 


iT>;r. 

tHi/’L-FF 

1455 

LD 

A, <IX+NEXT) i HEAD = NEXT(OBJECT) 

non 

77 


145 A 

LD 

<r 

■% 

j 

X 

1D2F 

07 


1457 

AND 

A ; IS HEAD NOW NIL? 

id?f 

ro 


1458 

RET 

NZ i QUIT IF NOT 

ipso 



1459 

INC 

HL i YES - SET TAIL = NIL TOO 

i ns i 



14 AO 

LD 

< HL),A 

1 n ' 

; t: 


14A1 

DEC 

HL 

iri‘: : 

, • 


1 4A2 

RET 


in-1 

i m 

* n32 

t 4 A3 

COWINT LD 

(IX+VBDXL),50 ; SLOW WALK OUT 

tr* "■ 

r ii 

> t r?o 

1484 

LD 

( I X +VESTAT), 80H ; ACTIVATE 

ID :i 

i «i • 

. 0701 

14A5 

LD 

<IX+VBXCHK),1 

i n-i- « 

I" i, 

.» *r.o t 

.1 4AA 

LD 

(IX+VBYCHK).1 

ll’i't i 

l >i > 

. .»>/ .04 

1 4A7 

LD 

(IX+VBXH),4 

t n/t- ■ 

It 

• .AR28 

1 4 A 8 

LD 

(IX+VBYH), 40 

iri-ir 

1 ■ , 

. .*'4 <*«/-. 

1 4A9 

LD 

<IX+VBARM>,6 ; SET ARM STRAIGHT 

i nn 

r -I i 

• .17 4 r 

1470 

LD 

( I X+VBLEG) , LEGO. AND. OFFH 




1 471 

i JP 

ADDTQ 




14 77 

j SUBROUTINE 

TO APPEND ENTRY TO END OF Q 




1473 

i ENTRY: 

HL = HEAD-TAIL BYTES, IX = OBJECT, A, DE C 

i rn i 

M if 

i 

► 

1 474 

ADDTQ: PUSH 

IX i DE = ENTRY 

i rm 

I « ! 


1 475 

POP 

DE 

i m * 

1 


1476 

DI 


in r 7 

i if. 

:/-.FFOO 

t 477 

LD 

< IX+NEXT ,, 0 i NEXT(OBJ)=NIL 

i n*.» 

- 


14 73 

INC 

HL 


*! 


1 479 

LD 

A, < HL ) i A = OLD TAIL 

i n r .« 

i 


t 430 

LD 

< HL ), E i SET TAIL = . OBJ 

l r* r -r 

1 < 


1431 

AND 

A ; WAS OLD TAIL NIL? 

1 on-' 

’ : 

/ , 

1 452 

JR 

Z,ADDTQl-$ i JUMP IF SO 




1 433 

, NONNIL OLD 

TAIL, SET NEXT(OLDTAIL)=. OBJ 

in/./ 

• i 


1 4:74 

LD 

£,A - DE = . NEXT(OLDTAIL) 


'i 


1 4 85 

LD 

A, (HL) ; A = . OBJ (FROM NEW TAIL) 

in/ 

i 


1 43 A 

DEC 

HL 

1 H' * 

; i 


1 487 

DEC 

DE 

i pa.- 

1 


l 48:3 

LD 

(DE),A 

in.* ■ 



1 439 

RET 





1 4 90 , 

, NIL. OLD TAIL CASE 

in/. 

i 


l 49 1 

ADDTQ1. DEC 

HL ; BACKUP TO HEAD 

in/ • 



l 492 

LD 

(HL),E ; HEAD = . OBJ 

tn/ - 



l 49.7 

RET 





1494 

, SUBROUTINE 

TO POINT IX AT FIRST ENTRY ON A Q 
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1 495 

; ENTRY: 

HL = Q HEAD-TAIL 



^1^76 

; EXIT: 

IX# DE = OBJECT# 

i r*/1 


1477 


NONZERO STATUS S 

1 

1 49* 

FIRST: DI 


ir»/» 

* r 

14 >7 

LD 

E,(HL) 

in/.n 

•' ■ 

1 soo 

INC 

HL 

10/ F 

/ ' * 

4 ' 

1 SO 1 

INC 

HL 

11*. * 

« 

1 • .07 

LD 

D# < HL) i D « 

S ! 1 . 

1 

1 1 .u : 

PEL: 

HL 

1 f 1 /1 

i ■ 

R.it'I 

PEC: 

HL 

t r • 

/ f 

1505 

LP 

A# E ; E = 

1D73 

A'* 

1 506 

AND 

A 

1 D74 

ns 

1 SO 7 

PUSH 

DE 

1 075 

PPF 1 

1 SOS 

POP 

IX 

1077 

r 7 

1509 

r£t 




151 1 

; ********************** 



1512 

; * GUNFIGHT 

CONSTANTS * 



1513 

i ********************** 



1514 

ORG 

<*+l ). AND. OFFFEH 

i n/x 


1515 

INTTBL: 


1 M7-; 

• ’ ' *: 

1516 

LFRVEC: DEFW 

GFLFR 

1 rrn 


1517 

WRTVEC: DEFW 

GFWRIT 



) 5 1 y 

; WAGON LIMITS TABLE 

1 r*vr 

9 i . 

1 51 9 

WAGLMT; DEFB 

TLINE 

! P T» 

! * 

1 Vi 20 

DEFB 

BLINE-24 

i n # r 

» . 

54?P 1571 

GETROY: PEFM 

'GET READY' 



1 5 72 

; GUNFIGHTER 

LIMITS 

1 T IT': ' 

• - 

; r - , 7 " 

.1 1 L. V.* 

GUNLMT: DEFB 

0 

1 n 

♦ 

1.524 

DEFB 

LCACX-17 

1 ft:': •' ’ 


1525 

DEFB 

TLINE 

1 PGA 

»: 

1 52 A 

DEFB 

BLINE-20 

1 nF:r? 

■ii 

4 t 57 15,7 

DRAW: PEFM 

'DRAW' 



1 573 

# BULLET LIMITS 

i ncr 

«.. 

t 52*7 

BULLMT DEFB 

0 

1 r r r> 

» t i 

I 530 

DEFB 

159 

1 p' • l 

i * 

1 57: 1 

DEFB 

ALINE 

1 P~v 

f | 

1 532 

DEFB 

BLINE-1 



1 533 

BN MACR 

#DX, #ARMX##DY# #army 



J 5. ;4 

DEFW 

#DX 



t 5 35 

DEFB 

#ARMX 



1 536 

DEFW 

#DY 



1 537 

DEFB 

4 ARMY 



1 1 J C* 

ENDM 


i n ■' *•: 


153 v 

BULTAB BN 

76S# 15# 76S# 15 

1P 


15*10 

BN 

1024# 15# 512# 12 

i rv/r 


1 54 1 

BN 

1024# 15# 256# 11 

i pas 


1542 

BN 

1 o 2 4 # 15# 0# 8 

1 PAP 


1513 

BN 

1024, 15,-256# 6 

1 PR 1 


154 1 

BN 

1024# 15# -512# 4 

l nr: 7 


1545 

BN 

768# 15# —768# 3 

l nr n 


i * .46 

L.FTAB: DEF5 

72# 22, 44# 67# 14 

t p» ? 


1517 

RFTAB: DEF5 

13# 68, 40, 13# 63 

i r>« / 

4 t » 

154 

GFCOLS: DEFB 

9DH 

1 Df :: 

* 

1 ’ .4 v 

DEFB 

76H 

1 r»r •*' 

i ■ 

1 *>50 

DEFB 

OFCH 

1 r*r a 


1551 

DEFB 

87H 

i nr n 

n 

1552 

DEFB 

9DH 

i p< r 

# #■ 

1 553 

DEFB 

76H 

t nr n 

/j 

1 554 

DEFB 

6CH 

Tnr r 

♦ > * * 

| r r. I 

1 1 .1 _• 

DEFB 

S7M 

i m r 


1 * ,■ 

■ • 1 M J T. I If: K 8 

6# 6# 0# 0, 0, 30H# 30H, 0 

i nii ' 


1 •./ 

Pf F 4 

0# SOH# OFH#OFH 

t M K >7 


1 1 -A 

NUMB: EQU 

0000011 IB i COLOR 

>ooon 


1 559 

BUL V EQU 

0000101 IB 

>000B 

* 

1560 

TIME EQU 

00001011B 

>00013 


1561 

LARGE : EQU 

0000101 IB 

>0000 


1 562 

LARG2 EQU 

00001100B 


A = L. 0. BYTE OF OBJECT 
ET IF Q NOT EMPTY 


O. ADDR. BYTE 


HEAD OF G 


t 564 

1 * 5 /*. 5 
1566 
1 367 


; * ********************* 
; * GUN FIGHT PATTERNS * 
- ******** ***** ********* 
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fS&S . PATTERN TABLES: 


innR r« 

i n 

156v 

ARMTEL: 

DEFW ARMO 

tnnn «’>, 

, ' F 

} 570 


DEF LI ARM1 

innr i 

1 ! r 

l 571 


DEFW ARM2 

inn \ 

■ ir 

1 5 7? 


DEFW ARM3 

i nr" 

i r 

t f *7 5 


DEFW ARM4 

t nr5 

♦ ♦ 

, ♦ 

1 .74 


DEFW ARM5 

mr? i 

1 i ' 

.1 •. ? r :. 


DEFW ARM6 



i ' .76 

, PATTERN MLFINITION MACRO 



1 5 77 

OFF" 02 

MACR 4A, #B 





DEFE 0#AH 



1 '-.7 V 


DEFB 0#BH 



I 560 


ENDM 



1 55 J 

DEF03 

MACR #A,#B,#C 



1562 


DEFB 0#AH 



1.565 


DEFB 0#BH 



J 504 


DEFB 0#CH 



r .os 


ENDM 



i 566 

DEF 04 

MACR #A, #B,#C, #D 



1567 


DEFB OttAH 



1 566 


DEFB OttBH 



1 567 


DEFB 0#CH 



1 5vO 


DEFB OttDH 



1 57 1 


ENDM 

t nr* - ' 


t 5 -/ 2 

tree: 

DEF2 1» 17 

inrn •• 


1 59 


DEFB 0000100OB 

i nr r t 

, 

1594 


DEFB 000111COB 

i r«rr> 

, «> 

¥ 

1 595 


DEFB OOilillOB 

tnrr • 

1 

1 596 


DEFB 0110101 IB 

inrr • 


1697 


DEFB 0000100OB 

i r *r< • 


1 596 


DEFB 000010008 

i nr i 


1 5* “> 


DEFB 00 111100B 

i nr / 

1 f 

1 <* .i >< J 


DEFB 0111111OB 

mr - ■ 


1 601 


DEFB 1010100IB 

i nr 4 ■ 


160? 


DEFB OOGOIOOOB 

i nr r . 

t 

1 606 


DEFB 001111OOB 

inn. 


1 . -04 


DEFB 01 111 HOB 

mrv i 

1 

1 Ow5 


DEFB 1110101 IB 

mrc 


1 606 


DEFB 1000100IB 

mn' • 

* J • 

1 607 


DEFB 00001000B 

i nr n i 

i 

1 608 


DEFB 000111OOB 

ir«rr: . 

.1 

160 V 


DEFB 1010111OB 

i rii i 


1 6 l 0 

ARNO 

DEF04 uA, OA, 2, 5 

i r < »« • 


1/11 


DCF02 40.00, 

U n .' 


1 6 1 2 


nu'-u/ 3i,oo, 

irn.i 


1618 


OFF02 04,00, 

1E06 


1614 


DEF02 01,o0, 

1F08 


1615 


DEF02 00, 40, 

IFOA 


1616 

ARM 1: 

DEF04 OA,OA,2,3 

trnr 


1617 


DEF02 50,00, 

i r t n 


1618 


DEF02 14,00, 

1 F 1 ? 


1 619 


DEF02 01,40, 

iri4 


1620 

ARM2; 

DEF04 OA,0A,2, 2 

IF 18 


1621 


DEF02 54,00, 

1 F1A 


1622 


DEF02 55, 40, 

JF1C 


1623 

ARM 3: 

DEF04 OA, 7, 2, 4 

1 F?0 


1624 


DEF02 10,00, 

IF 2? 


1625 


DEF02 05,40, 

1F74 


1626 


DEF02 54,00, 

1F "7. 


1627 


DEF02 50,00, 

t F 


1,628 

ARM4 

DEF04 OA, 6, 2, 5 

1 r ?r 


1 029 


DEF02 00, 40, 

ir?r 


1 650 


DEF02 45,00, 

11 


1651 


DEF02 10,00, 

IF':/ 


1632 


DEF02 50,00, 

IT 54 


1 683 


DEF02 40,00, 

1 F 56 


1 654 

ARM 5: 

DEF04 OA, 5, 2, 6 

tF^n 


J 635 


DEF02 00, 40, 

1 F ':F 


J coo 


DEF02 01,00, 

1F5F 


1 65 7 


DEF02 05,00, 

1F40 


1 6 2 O 

1 ■. | .., 1 


DEF02 14,00, 

1 F4~ 


J 639 


DEF02 54,00, 

1T44 


1640 


DEF02 50,00, 

IT 46 


164 1 

ARM 6. 

DEF04 OA, 5, 1,5 

inn 

- - 1 

164 2 


DEFB 01H 
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J13 


i r i r 

1 1 

1A 4 3 


DEFB 44H 


i p 4 r 

1 0 

1644 


DEFB 10H 


JP4 n 

1II 

1645 


DEFB 40H 


tf‘4r 

1 A 

1646 


DEFB 40H 




1647 

; -ft- +r -tr & 

NOTE **** 




1 648 

; THE 

FOLLOWING PATTERNS ARE CONSTRAINED TO 

EXIST ON THE 



1 64 v 

, PAGE 

THE FOLLOWING ' ORG ' WILL DO IT FOR 

EXPERIMENTAL 



1 6S0 

, PATTERNS ARE; LEGO,LEG1, LEG2, K IL1, K IL2 




1651 

f 

oRg ($+255). AND. OFFOOH i ihw TEMP 

i F4r 

• • ♦ 

1 052 

LEGO; 

DEFB LEG 1. AND. OFFH 


1 fsa 

‘ " l 

1 658 


DEFB 4 


irsi 


1654 


DEF04 0.OF,3,5 


irss 


1655 


DEF03 01,55,00, 


i r r o 


1656 


DEF03 05, 45, 40, 


tf'-J: 


1 657 


DEF03 15,01,40, 


inn 


1 658 


DEF03 50,01,40, 


1 FA i 


1 65 v 


DEF03 15,00,54, 


1 F/.4 

H * 1 

1 660 

LEG! ; 

DEFB LFG2. AND. OFFH 


J F AS 

0.1 

l 66 i 


DEFB 4 


1 F A A 


1 662 


DFF04 2, OF, 2, 5 


1 FAA 


1 665 


DEF02 15,50, 


1 F Af 


1 664 


DEF02 54,50, 


1F6F 


1665 


DEF02 50, 50, 


1F7A 


1 666 


DEF02 50,50, 


1 F7? 


1607 


DFP'02 55, 15, 


11-74 

11 

1 66:: 

L i i .7 

DEM:: I F GO. AND. OFFH 


IF'/’. 

i -1 

160 V 


DEI 1: 4 


1 F 7A 


16/0 


DEE 04 3, OF, 2,5 


1F7A 

* 

16/1 

% 

BEE 02 55, 00, 


1E7C 


1672 


DFF 02 15,00, 


1E7E 


1673 


DEF02 15,00, 


l F80 


1674 


DFF02 14,00, 


l E8? 


1675 


DEF02 05,40, 


IF34 

DA 

1 676 

Kit.. 1; 

DEFB KIL2. AND. OFFH 


IF 8? 

14 

1677 


DEFB 20 


t F96 


1673 


DEF04 0, 1,4, 13 


1E8A 


1679 

\ 

DEF04 01,10,00,00, 


1E8E 


1630 


DEF04 45, 54, 40, 00, 


1E92 


1681 


DEF04 55,55,40, 00, 


1E96 


1632 


DEF04 OA, AS,00, 00, 


1F9A 


1683 


DEF04 OA, A2, 00, 01, 


1 F9F 


1684 


DEF04 OA, AA, 80, 14, 


i FA 7 


■1 / < 5 CT 

1 <:««:• ._i 


DEF04 02,AA,00, 50, 


1 F A A 


1 686 


DEF04 00,AS, 05, 40, 


t FAA 


1687 


DEF04 05,55, 54, 00, 


1 F AF 


| 3 O O 


DEF04 15,55,50,00, 


1 FP? 


1 689 


DEF04 54, 55, 50, 00, 


J FPA 


1690 


DEF04 50,05,54, 00, 


1 r PA 


1691 


DEF04 50,01,55,00, 


1 FPF 


1 6V2[ 


DEF04 10,01,55,40, 


1 PC: 7 


1693 


DEF04 10,00,05,50, 


1 FC A 


16 94 


DEF04 00,00,01,50, 


1 FF A 


1 695 


DEF04 00,00, 00, 40, 


1 rr-F 


1 ,S V 6 


DEF04 00 , 00,01,40, 


1ED2 


1697 


DEF04 00, 00, 00, 54, 


1 FPA 

tv. 

1698 

KIL.2: 

DEFB KIL2. AND. OFFH 


1 FP7 

":i 

L 699 


DEFB 60 


X r n:“: 


1 700 


DEF04 0, D, 4, 7 



i r nr 

1 70 1 

DEF04 01, 10,00, 00 

IFF A 

1 70 2 

DEF04 45,54,40, 00 

trr l 

1 / -, 3 

DEF04 55, 55, 40, 00 

1 FP 8 

1 704 

DEF04 OA,AS, 00, 00 

tn-r 

t 705 

E»EF04 0A, 88, 15, 01 

i rro 

i 706 

DEF04 16,A5,55,41 

IFF4 

1 707 

DEF04 15,55,55,55 

1 f : F 8 

1 70S CACTUS 

DEF2 

1, 12 

i r fa - a 

1 709 

DEFE 

001OOOOOB 

1FFP 

1710 

DEFE 

00110000B 

it rr 

1/11 

DEFE 

001I1000B 

irrn v ■ 

i ' i 2 

DEFE 

00110000B 

in r j. 

1 / 1 *: 

DEFE 

10110010B 

i rrr i 

1/14 

DEFE 

11110010B 

l r < »n i 

1 V 1 ■, 

DEFE 

1111011OB 

1FA| , 

l 7 t 6 

DEFE 

001111OOB 

ir««> 

1/1/ 

DEFE- 

001111OOB 
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V »'■? 


l 7 1 3 


DEFB G0110000B 

11 < )4 


1 / 1 :> 


DEFB 00110000B 

in’-< r * 

■ > ■ 

17/0 


DEFE: OOUOOOOB 

ir<v. 

1 * * l '*<420 

1 / / l 

GOT ME 

DEFM 'GOT ME * 

t r«<r 

1 r 1 4 

1 7 .* 2 

NULPAT; 

DEFB 0 

iron 

1 ti I 

1 7/3 


DEFB 0 

i ror 

■*» 1 

! A 4 


nr. FD 1 

if «»r 

< < 1 

t / ' ■ 


i «r v b i 

1 1 1 M 


1 / 

01 POhV 

PI P<>4 0/ 0. 3* F 

i r 1 4 


1 /2/ 


J4b P : 00* 44. 00* 

1 F17 


1 723 


DEF03 11,50,10, 

IF 1A 


172 9 


DEF03 15,55,50, 

x f i n 


1 730 


DEF03 02,AA,00, 

IF 20 


1731 


DEF03 02,A2,00, 

IF?": 


1732 


DEf-03 02, AA, C'U, 

1 F26 


1 733 


DEF03 00, AA,00, 

1F29 


17 24 


DFF03 00,AS,00, 

1 F?F 


1 73A 


DFIF03 15,55,00, 

1 F2F 


1 7 3 A 


DEF03 55,55,50, 

IF?? 


1737 


DEFOE: 51,55,50, 

IF 32! 


17 33 


DEF03 41,55,00, 

IF 33 


1 739 


DEF03 41,55,00, 

1F3P 


1740 


DEF03 45,55,00, 

1 F 3F 

c-1 

1 74 1 


DEFE: OlH 

IF ?F 

r * 

1 “ 42 


DEFB 55H 

1 Flo 


1 M: 

WAGPAT 

DEF04 0, 0, 4, 16 

1 F 4 1 


I V 4 4 


0EFO4 00,05,50,00 

1 F 13 


i 7 40 


DEF04 00,55,55,00 

1 1 *1 r 


1 7 46 


DEF04 01,55,55,40 

1 f-Ft > 


1 74 7 


DEF04 05, 55, 55, 50 

i 


. 743 


DEF04 15,54,15,54 

i rsr 


1 7 4 9 


DEF04 15,50,05,54 

i r r .r 


i '0(.« 


DEF04 15,40,01,54 

i r Ac» 


1 .1 


DEF04 15,40,01,54 

1 FA 4 


1 7 02 


DEF04 15,50,05, 54 

1 F Ax 


1 703 


DEF04 05,54, 15, 50 

i r ac 


t 704 


DEF04 01,55,55,40 

i 


1 700 


0EF04 00,55,55, 00 

1 F74 


1 70 A 


DEF04 00,15,54,00 

j F^fi 


1 i r - r 

1 7 * / 


DEE 04 02,AA,AA,80 

1 F 7F 


t ti: . . 

L / < O 


DEF04 00,AA, AA, 00 

1 F :3Q 


1 709 


DEF04 12, AA,AA,84 

m-:/| 


1 7 AO 


DEFo4 10,A3,2A,04 

i F 33 


17 A1 


DEF04 10,20,03,04 

1F3F 


1 762 


DEF04 52,AA,AA,85 

1 F ' r '0 


1 763 


DEF04 10#20, 08, 04 

1F*4 


17c 4 


DEF04 10, 00,00,04 

1 F’ r/ ? 


1 760 


DEF04 10,00,00,04 



1 766 

/ 


i r~>i 

i M * 

1 / <?■ / 

F- UDG4 ; 

DEFB 0 

i r ■ n 


1 / i I* 4 

l 7x9 

/ 

MSET 

MASTER 0A4 

i r -f 


1 770 


VOLUME 09H, OH 

i ia: 


1 77 1 


RET 



1 772 

; HOME ON DA RANGE 

1 r A *: 

■ !• n t F 

1 7 7 

HOME 

CALL MSET 

IFfV 


l 77 4 


NO ) El 36,01 

if r 


l 7 70 


NOTE 1 12, FI 

i r aa 


1 '/A 


NOTE 1 IS#El 

1 FAF 


1 77 7 


NOTE 1 6 , D1 

1 PAF 


1773 


NOTE 1 36, El 

irr.o 


l 779 


QUIET 



1 730 

; FAR 

3 

IF f:l 


1/01 

I Al'O 


III! 

i ii 'inr 

l /: :/ 


LAI L MSET 

1 1 1 1 


l 7; :o 


NU f F .i 13, Cl 

1 FT: A 


A 7 04 


‘NOT El 6, Cl 

i rm 


1 730 


N0TE1 36, FI 

1FDA 


1 736 


NOTE1 18, Cl 

1 FYX 


1737 


NOTE 1 6,FI 

1FFF 


1733 


NOTE 1 36, A1 

in: o 


1 739 


QUIET 



1790 

; FUNERAL 

t rr t 


1791 

FUNERL 


IFF 1 

crn-oiF 

1792 


CALL MSET 

1FC4 


1793 


NOTE1 24, AO 
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217 

4a 


.4 ' ‘ 

1FC6 

17^4 


NOTE 1 18, AO 

1FC3 

1795 


NOTE! 6, AO 

IFCA 

1796 


NOTE1 24, AO 

t rr c 

1797 


NOTE 1 IS. Cl 

iht 

J ?9& 


NOTE 1 6, BO 

If ho 

\ 7'■ ”9 


NOTE 1 18, BO 

IM'i 7 

1 3f'0 


NOTE1 6, AO 

H no 

1801 


NOTE 1 18, AO 

11 11/. 

1 807 


N0TE1 6, GSO 

tr r»: : 

1 303 


N0TE1 IS, AO 

i r i »a 

1304 


QUIET 

is nr 

L 305 

GUNSHOT 

OUTPUT 1SH,OFOH,0F5H, OFDH, OFFH, 0, 3FH, OFFH, OEFH 

Iff ! 

1806 


LEGSTA 

i rr ■. 

1807 


VOLUME OFFH,03FH 

t r 1*8 

1808 


REST 5 

11 r a 

1809 


N0TE1 5, 8FH 

i r r,- 

181 0 


N0TE1 5, 4CH 

1 FT f- 

t 8 J 1 


QUIET 

>ir rr 

181 2 

LASTS 

EQU * 



1810 

i ##**** ***###* 



1315 

t * RAM 

CELLS * 



1 81 6 

; **;•***###**#** 



i 8 J 7 


ORG 

NORMEM+OE70H 


4F 70 

1 8 i 8 


DEFS 

150 ; 

ALLOW BIG STACK 

A 41 4 - '< • 

1 81 9 

STACK 

EQU 

♦ ; 

START STACK HERE 

0f - «'• 

1870 


DEFS 

12 


'Of 1 " 

1 82-1 

MSTACK 

EQU 

♦ 


: mi i :• 

1822 

STRRAM 

EQU 

♦ 


or i ? 

1:0* 8 

WRITQ: 

DEFS 

3 ; 

WRITE Q HEADER 

Of ! * * 

18“-0 

VECQ: 

DEFS 

3 ; 

VECTOR Q HEADER 

>01 1 7* 

1875 

VECSTR 

EQU 

♦ 


0‘ 8 : 

1 

BULVi : 

DEFS 

BULVSZ ; 

BULLET VECTOR 1 

Of A 

1827 

BULV2: 

DEFS 

BULVSZ ; 

BULLET VECTOR 2 

Of i 

1873 

BUL V3: 

DEFS 

BULVSZ ; 

BULLET VECTOR 3 

or or 

1 829 

BULV4: 

DEFS 

BULVSZ i 

BULLET VECTOR 4 

or /.a 

1380 


DEFS 

1 i 

LEFT COWBOY LINK 

or/.i 

1881 

L.COWB: 

DEFS 

GFVSIZ-1 ; 

LEFT GUNFIGHTER 

Of 77 

18 J 2 


DEFS 

1 j 

RIGHT COWBOY LINK 

or 78 

1 C* "T p 

1 f >-_"0 

RCOWB: 

DEFS 

GFVSIZ-1 ; 

RIGHT GUNFIGHER 

Of : :f 

1: :90 


DEFS 

1 i 

WAGON LINK 

Of : I 

18 :5 

WAUVr C 

nr- F-5 

WAGVSZ i 

WAGON VECTOR 

4f • i < 

18 :6 

WAouN 

LQU 

WAGVEC+VBSTAT 


- 4F A 1 

1 88 7 

FNHRAM 

EQU 

♦ 


>4 FDA 


LBULS 

EQU 

CT5 


>4 FOB 

1339 

RBULS . 

EQU 

CT6 


4FA1 

’ 1840 

RFIELD 

DEFS 

1 


4FA2' 

1841 

LSCORE 

DEFS 

3 


4FA r ". 

1842 

LFIELD 

DEFS 

1 


4FA6 

1303 

RSCORE 

DEFS 

3 



1844 


LIST 

S 


> 1FFF 

1805 

LEND 

EQU 

LASTS 


4 FA? 

1846 


END 




*TOTAl A83FMBLER ERRORS * 2 

♦WFfiF 3 
♦RFW ? 
trMn no 
s* 

♦MOSTFK#HVGSYS,ASL,HVGLIB, USG, , MT1 
♦ ASS SI AS1 
*t NOP 

ir xr tii, . moi.o 

pns HV<V;YS 

EXIT 

♦MOVE SI,5 
♦NOP 

♦EXE SED, , NOLO 
ASS SI I .ISO 
POS HVOL IB 


www.FreePatentsOnline.com 






219 


4 , 301,503 


220 


FXI 

*MOVE SI.7 

*AVR Cl. 4 , . __ Kln 

*ASS 2 MT1 3 SC-A 4 SCB 6 LU RAD NO 

♦EXE MOSTEK. LMG 


*MnnCOMP z-eo CRASS ASSEMBLER* HOME VIDEO GAME SYSTEM 
APDR riE.IE.CT STMT LABEL OECD UPERAND COMMENT 


647 

64 
64 4 

645 
A 4 6 

647 


LIST S 

ii it n u **«*** 

it HVGSYS * 

MODIFIED TO CORRECT CALCULATOR BUG AND AoTERIbK 
** AND INCSCR AND CLRNUN DUGS 


ooop. 
>17DE 
> i 

M070 
>OF 19 


6 4 9 

650 

651 

6^2 

/. cr .-‘ 
O J • Z‘ 


t rrcr 


656 


65 7 
60S 


Cm *-‘'6 

r . 

659 

r-Oi -1 

r : 

660 

or-«i "* 

» *! 

661 

Of HI 

n :i *' : 

662 

0005 

» . . l oc 

f‘» i‘j , 

2 / tr 

1 "‘i «,,* * 

•"•Ci 6 

no op. 

r :< <720 

667 

00 '*>F: 

1 ' 

o6V 

OC'OC 


670 

OOOp 

1 . 

/. 7 1 

/ i. 


PFUG * EQU 

OSH * 

GFSTRT EQU 

17DEH i 

CMSTRT EQU 

1328H i 

CAL.CST EQU 

1020H » 

SCBST: EQU 

0E19H i 


; -fc- F'OWER 

UP RESTART * 


ORG 

0 

NOP 

i 

DI 


XOR 

A 

OUT 

(CGNCM) * A '» 

JP 

PWRUP 


ROT FUDGE FACTOR 
GUN FIGHT START ADDRESS 
CHECKMATE START ADDRESS 
CALCULATOR start address 
SCRIBBLING START ADDRESS 


; WAIT FOR THINGS TO SETTLE DOW 


; *** SET CONSUMER MODE *** 


ORG 8 

TRANSFER CONTROL TO RESTART HANDLER 
JR 2007H " ~ 


NUMBAS: 




O i 


DEFB 1CH 
DEFB 3CH 
DEFB 1CH 
DEFB 20H 


VECTOR OUT 


0'"> 1 O 
OO t > 

0 <'* 1 4 
OO 1 5 « 
fiOl/. /• 


M * .* 




V . . 

r - > 


674 

675 

676 

677 
67 S 
679 


MENUCL 


ORG 16 
JR 200AH 
DEFB 06H 
DEFB OFAH 
DEFB 07H 
DEFB 62H 


RESTART 2 
MENU COLORS 




6 SI 

ORG 

24 

■4 it-: * 

■ .tfc'O 

662 

JP 

200DH 



4 

, NAME 

PAMS 



. ’< r 

< H ► ♦ 1 

, M IRE* tSE: 

HAt.T 



♦ 6 .I * 

, INPUT: 

B --- 

■)C» 1 B 

r B 

1 .«•> / 

IIP OUSE: El 


501C 

76 

/ •"* r,i 
f 5 *2# <. ,< 

HALT 


001 D 

ICED 

689 

DJNZ 

-1 

001 F 

c? 

690 

RET 




, / 

ORG 

•T; 1 / 

i u • ii 

i : 1 O/(t 

< i* * , « 

•JP 

201 OH 



695 

, NAliE. SET 

WORD 



6 V 6 

, < HL)-DE 


007 ”: 

"T ■ “« 

697 

11SL 1 W: LD 

(HL)< E 

0024 


69 S 

. INC 

HL 

OO ’ r i 

- * 

/ h ' 

’ 699 

LD 

(HL)/D 

OO?/. 


700 

RET 



RESTART 3 
INTERRUPTS 


RESTART 4 
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702 

ORO 

40 


0023 C 31320 

703 

JP 

2013H 

i RESTART 5 


0O2R 'i 

< *ooo 

705 C0NC2: 

LD HL ,0 

i ZERO OUT HL 

iX»?F r 


706 

RET 




i . >(. 

'-Ox 
‘ *\>y 

ORO 48 

JP 2016H 

; RESTART 6 

>03 3 


1 1 CKSUM1: 

DEFB 0 

i CHECKSUM 


034 :* . 1 

713 ITAB: 

DEFW 

MACTIN 

; INTERRUPT 

TRANSFER 

0 36 * • i 

7 1 4 

DEFB 

1 

; SYSTEM 

REVISION LEVEL 


7 1 6 


ORG 

56 


? 1 7 

; 

NAME: 


USER PROGRAM INTERFACE 

7 1 8 

> 

PURPOSE: 


TRANSFER OF CONTROL FROM USER TO SYSTEM 

/1 ? 

t 

INPUT: 


ROUTINE # FOLLOWS INLINE AFTER RST INSTR 

7 20 

i 



IF L. 0. BIT SET* LOAD ARGUMENTS INLINE F 

7 21 

i 

OUTPUT: 


NONE 

722 

* 

STACK USE: 


13 BYTES TOTAL, 16 BYTES ON EXIT 

7 23 

i 

SIDE EFFECTS: 

REGISTERS AF,BC,DE,HL,IX, AND OLD IY SAV 

724 

i 

EXPLAI NATION: 


7 25 

» 

REGISTERS 

AF, 

BC,DE, HL,IX, AND PREVIOUS IY ARE PUSHED 

7 27. 

f 

THE NUMBER 

FOLLOWING THE R3T 56 INSTRUCTION IS USED TO 


7.-7 . INDEX A JUMP VECTOR GIVING THE STARTING ADDRESS OF THE 

728 . SYSTEM ROUTINE TO CALL. IF OPTIONED, INLINE ARGUMENTS 

729 ; ARE COPIED INTO THE CONTEXT AREA. FOR ARGUMENT ORDERIN 

7SO , SEE INTERPRETER DOCUMENTATION AND APFROP. TABLES 

7 •:l , A DUMMY RETURN IS INSERTED WHICH, WHEN RETURNED TO DY 

7:2 , SYSTEM ROUTINE- WILL RESTORE THE REGISTER CONTENTS AND 

7i RETURN TO THE USER PROGRAM 
r a 




/ 

i 

Till 

UPI HAS BEEN 

EXTENDED TO SUPPORT USER SUPPL I 



786 

i 

ROUTINES 

IF THE CALL 

INDEX PROVIDED IS NEGATIVE 



737 

i 

THEN THE USERS DISPATCH TABLE POINTER (USERTE) IS US 



738 

i 

NOTE THAT THE SIGN BIT 

ISN'T ZAPPED BEFORE BEING 



739 

i 

USED AS 

AN INDEX, THIS 

MEANS THAT THE USERS DISPATCH 



740 

i 

TABLE POINTER SHOULD 

FOINT 128 BYTES BEFORE THE FIRS 

0038 

F 3 

741 


EX 

PSP), HL 


RETURN ADDRESS Tu HL 

0039 

F5 

742 


RUSH 

AF 

l 

CREATE CONTEXT 

003A 

C5 

743 


PUSH 

BC 



003B 

05 

744 


PUSH 

DE 



003C 

DDES 

745 


PUSH 

IX 



003E 

FDE5 

746 


PUSH 

IY 



0040 

FD210000 

747 


LD 

IY, 0 

i 

POINT IY AT CONTEXT 

0044 

FP39 

748 


ADD 

IY, SP 



0046 

7F 

749 


LD 

A, <HL > 

i 

LOAD OPCODE 

0047 

“ 

750 


INC 

HL 



0048 

117A02 

751 


LD 

DE,RETN 

i 

DE = RETURN POINT 

004B 

IF 

752 


RRA 


i 

SUCK WANTED? 

004C 

<*'♦ •1 * 

753 


JR 

C,MINTO-$ 

* 

JUMP IF YES 

00 4F 

F5 

Tr a 
/ 

INTF'E 

PUSH 

HL 

i 

SAVE PC 

004F 

ns 

755 


PUSH 

DE 

i 

SAVE DUMMY RETURN 

0050 

7 i r poo 

756 


LD 

HL,SYSDPT 



0053 

o ? 

757 


RLCA 




0054 

5r 

/rr* 

/ --*0 


LD 

E, A 



0055 

1 7.00 

-Tfr o 

/ jy 


LD 

D, 0 



0057 

17 

760 


RLA 


i 

USER TABLE WANTED? 

0058. 

300:": 

761 


JR 

NC,PUSH1-♦ 



OOSA 

:*AF D4F 

/ >2 


LD 

HL, <USERTB) 

i 

YES » LOAD IT 

0050 

t 9 

~7 • 

/ 

PUSH1 

ADD 

HL, DE 



005F 

5f 

764 


LD 

E, <HL) 



005F 


765 


INC 

HL 



0060 

r: t 

«t . 

7 66 


LD 

D, (HU 



0061 

D5 

767 


PUSH 

DE 



0062 


/ 6y 


LD 

H, (IY+CBH) 



0065 

rn, .roA 

, o 


LD 

L,(IY+CBL) 



0063 

r n* ,/.(-i3 

770 

RELD: 

LD 

D,(IY+CBIXH) 



006P 

f ir.ro7 

771 


LD 

E,(IY+CBIXL) 




www.FreePatentsOnline.com 



4 , 301,503 


224 


006F 

03 



006F 

nnr 

i 


007 1 

r n 

T 

09 

007 4 

i 11* 

4 H 

.05 

0077 

r u f 

r 

04 

On 7 m 

< • 




r» • T: '• 
oo /C 
o r./r r » 


2?3 


7 72 
77": 
7/4 
/7'j 
776 

r • » ~r 
/ / 

f f • v 
/• :*) 

/::t 

T ■ • V 

/ • > 

/ o *-> 
77:4 

-» “■rr 
/ ■ ■ 

736 

737 
7 3 3 
739 

790 

791 

792 

793 

794 

795 

,< ; < ■« 

■y r i -t 

I 


: u •« > 

7:0 1 

,..;0 7 


:04 


DELOAD 


: :O r: i 


:; <r. 

307 
303 
:-;<j '7 

3 I <7 
3 I 1 

3 t 2 
o 1 3 
3 1 4 

31 i- 

316 


DE 

IX 

A.(IY+CBA) 

D. <IY+CBD) 

F,(IY+CBE) 

; CALL VIA RETURN 

macro interpreter 

INTERPRET I NO SECM IPNCES OF SYSTEM CALLS 
AD ORE S3 OF STRING TO INTERPRET PARSED LN 
NO INCREASE IN DEPTH 


PUSH 
POP 
LD 
LD 
LD 
RET 

NAME : 

PURPOSE: 

INE’U I : 

r'y^AINATXON IF OPTIONED (BIT 0 OF CALL INDEX SET) TH 
BLOCK. THIS MASK IS FORMATED AS FClLLUWo. 


********************************* 

*7*6* 5 *4* 3 *2*1 *0* 

********************************** 

* H * L * A * IX* B*C*D*E* 

ARGUMENTS MUST FOLLOW THE CALL INDEX IN THE FOLLOWING 
< OMITING UNUSED ARGUMENTS* OF COURSE) 

\ INDEX )» I XL. IXH. E. D. C, B* A. L, H 

THE *-1MULATED PC IS SAVED AND A DUMMY RETURN IS 
^,-pprEn ON THE STACK THE UPI DISPATCHING ROUTINE IS 
thfn^ENTERED AT 'INTPE', WHICH EFFECTS A CONTROL TRANS 
TOThI CALLED ROUTINE. WHEN THE CALLED ROUTINE RETURN 
Tt WILL come back here to interpret the next macro ins 

NOTE THAi THIS ROUTINE IS REENTRANT, THEREFORE THE CAL 
ROUTINE MAY RECUR BACK THRU HERE, IF IT FEELo LIKE IT. 
** THE UPI HAS BEEN EXTENDED TO SUPPORT USER PROVIDED 
tpm ROUTINES IF A NEGATIVE CALL INDEX I- ENCOUNTER 
BY THE INTERPRETER- AND 'SUCK INLINE' IS OPTIONED, THE 
USER MACRO ROUTINE ARGUMENT TABLE IS INDEXED FOR A 

PARAMETER MASK. THE ADDRESS uF t ™ L \.™ ^; h ^u 
ro BE IN (UMARGT). (UMARGT-1). THIS POINTER -MOULD 

cn t mt /- a PYTE3 BEFORE THE FIRc*T REAL ENTRY. 

POINT 64 CYTE - l ^^^ t _ 64 , WHERE USERMT POINTS AT 

[lE ( UMAR _ DISCARD DUMMY RETURN FROM UP I 


I E. 


MINTPC: 
RENTER: 


LD 

LD 

POP 


c» r4 d 




r-»r-.r% ritrrr on 


o< - -p 

' i 


I’M * 

Cm . ’V 
(*H ‘9 1 

1 ! 1 

i 1 ‘‘ 

i 

i » )('j 

O' ■ 4 

1 ,« 


I'm 

C*« * /, 

i; 

i < 

> 1 1 


O' * : : 

i i 


If <: ' 

«, •» 

l 1 

nO: 1: 

1 l 

1 :n1 

) M i: | 

> 1 : / 

/ 

Ol Ml. 

• * i i 

► M 

C*()’ ' / 

, Al 

IMF 

0095 

Cl? 


0096 

46 


00? 7 

C DC 

<300 

00? A 

m 


oo? n 

7? 


0090 

rtvi607 

0091" 

rmir 06 

00 A 2 

t 3AA 


NAME: MCALL 
PURPOSE: 
INPUT: 
NOTES: 


4 MMCALL: 


M1NT0 


7 I'll N T 1 


mint; 


CALL INTERPRETER SUBROUTINE 
HL = ROUTINE ADDRESS 

ROUTINE MAY BE CALLED FROM MACHINE LANGUA 
ANOTHER INTERPRETED SEQUENCE 
c.tagK DEPTH INCREASED BY 4 BY CALL 

i GET OPCODE 


ld a. <HL) 

INC HL 
9RL A 

LD DE.RENTER 
PUSH DE 
LD C. A 
JR NC.MINT2-* 
EX DE.HL 

LD B. 0 

LD HI ,MRARGT 

BI I 6, A 
JK /.MI NT \ —'b 

LD ML/(UMARGT) 
ADD HL. BO¬ 
LD B.(HL) 

CALL MSUCK1 
POP DE 
A. C 

B# (IY+CBB) 
C. <IY+CBC) 


LD 

LD 

LD 

JR 


INTPE-* 


LOAD INTERPRETER DUMMY RETURN 
SAVE DUMMY RETURN 
INDEX TO C 

JUMP IF NO LOAD WANTED 

LOAD SYSTEM ARG table 
USE USER TABLE? 

JUMP IF NO 

INDEX TABLE 

CALL SUCK ROUTINE 

DUMMY RETURN TO DE. HL = PC 

get call index back 

RESTORE CLOBBERED REGISTER-* 
JOIN NORMAL UPI DISPATCH SEQU 


; NAME: 


SUCK INLINE ARGUMENTS 
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OnAT r 1 

347 

348 

349 

s* r.“ j“» 

851 

852 

: n«: •-* 
«• . j % 

or J T 

► : t: 

Ft., 1 .^1 

Or; / 

• ♦ in 

** k:t r 

•7* _* / 

On AS li 1 

s. cr o 

v t £» 

00AS ;■ 

859 

360 

00A7 FT 

861 

00A3 FT-: AO 

►2* / “> 
i. >o * , 

C T 1 
i n 7 - 

00 A A ?i‘:OA 

S « 7 *1 

•r«f >' f 

00Ar i A 

Ft t cr 
Or. 

OOAn 1 3 

866 

OOAF f Ti 7702 

867 

OOB1 1 A 

o/,o 

00 B'7 t 3 

869 

OOB3 fH7/03 

870 

OOP/. rrifTi 

871 

OOPR FI 

872 

00Bv / 3 

873 

OOPA 23 

374 

OOBB 73 

875 

ODBC 73 

876 

OOBTi r RAO 

877 

OOBF f"B 

O ~7 O 

7, ♦ / O 

O V o 

•J / 7 

OOP1 3003 

8 SO 

OOC3 1 A 

't-O t 

00C4 13 

OQ ~ 

O 

oors 77 ' 

s» 

i”i ,J% 

OOCA 7 

884 

OOC7 7OF A 

o c* ^ 

oo/. 

vuO 

00C9 FF: 

007 
w / 

ooca cr¬ 

*3* O r O 
»_,i •_» n 

oon: ;i;ki 

. :*>*•! 

: “M 

; 

« ,«« « 

‘ .« ■, * 

oorp 7702 

894 

OOCF 370/-. 

895 

ooru 7BOn 

87A 

00n3 730F: 

397 

OOfY . i r*iA 

8‘9 8 

0007 A4no 

899 

OOir> : j , [ 

900 

OOnB 7F04 

901 

onon 03os 

902 

OODF FF.OS 

903 

OOFt CFO 3 

904 

OOF3 rmni 

905 

OOF S FF « ‘A 

906 

OOF7 F: - . 

707 

ot-r - ■ j j .. . 

9 OR 

OOf f: ,y - 

►1 t: 'j St 

OnfTi r 

9 1 (7 

I'm -f | | ' 

9 1 i 

0«W 1 11 ’ 

9 i 2 

oor ■ ’> i., * 

9 1 3 

oops r . ■ 

9t 4 

OnF F: . r 

91 r. 

<V«{ At" 

9 16 

OOf p A A- * 

9 1 7 

oorn {- :. ■ 

9 t R 

rtOf I | f . - 

9 j 9 

01 A 1 I :• «F: 

920 

0 107 F -A 

92 1 

O | i 

V 7 7 

t 4. .. 


PURPOSE: 

INPUT: 

OUTPUT; 
EXPLANATION: 
IT IS USED BY 


INTO CONTEXT BLU 
INTERPRETER COMME 


TRANSFER OF INLINE ARG 
B * ARG LOAD MASK (SEE 
HL = UPDATED PC 
THIS ROUTINE IMPLEMENTS A MACRO LOAD INS 
THE INTERPRETER AS WELL. A ONE BIT IN T 


INLINE LOAD MASK MEANS TRANSFER THE NEXT INLINE BYTE I 
h ZERO BIT MEANS 'ADVANCE CONTEXT BLOCK POINTER" 

TWO ENTRY POINTS ARE DEFINED* ONE FOR THE SUCK MACRO I 
HIE OTHER FOR THE INTERPRETER TO USE 
SUCK MACRO ENTRY: 

; RETURN ADDRESS TO HL 
; POP OFF PC 

*** REPLACE WITH LD HL* REENTRY 
; ADVANCE TO REENTRY (MINTO) 


MSUCK: POP HL 

POP DE 

* *** BYTE SAVING TRICK 

INC HL 
PUSH HL 

• FALL INTO . . . 


MSUCK1 


MSUCK2: 


BIT 4, B 

•JR Z,MSUCK2-S 

LD A* <DE) 

INC DE 

LD (IY+CBIXL),A 
LD A* (DE) 

I NC DE 

LD (IY+CBIXH )* A 

PUSH IY 

POP HL 

INC HL 

I NC HL 

I NC HL 

INC HL 

RES 4* B 


IX LOAD WANTED? 
MSUCK2 IF NOT 


LET HL = IY 


+ 4 


' the FAMOUS SUCK IN LOOP 
MSUCK3: SRL B 

JR NC* MSUCK5-* 

LD A> (DE) 

INC DE 
LD (HL)* A 

INC HL 


i KILL IX BIT 


MSUCK5 IF NOT THIS TIME 
GET INLINE BYTE 


MSI 


CK5 

«* 


SYS 


; STUFF INTO CB 
i BUMP CB POINTER 

THIS CODE ASSUMES THAT STATUS OF 'SRL' IS PRESERVE 
JR NZ.MSUCK3-* ; JUMP BACK IF MORE TO DO 

EX DE. HL i HL = PC 

R ET_ ; THEN QUIT 

****************************** — 

► UPI ROUTINE ADDRESS TABLE * 

««*«**«« *■***#«#•***«««««**«»« 

•DPT. OEPW MI NTPC 

DEFW MXINTC 
DEFW MRCALL 
DEFW MMCALL 
DEFW MMRET 
DEFW MMJUMP 
DEFW MSUCK 
DEFW MACTIN 
DEFW TIMEY 
DEFW MUZSET 
DEFW MUZSTP 
DEFW MSETUP 
DEFW MCOLOR 
DEFW MFILL 
DEFW MPAINT 
DEFW MVWRIT 
DEFW MWRITR 
DEFW MWRITP 
DEFW MWRIT 
DEFW MWRITA 
DEFW MVBLAN 
DEFW MBLANK 
DEFW MSAVE 
DEFW MREST 
DEFW MSCROL 
DEFW DISPCH 
DEFW STRNEW 
DEFW BCDISP 
. DEFW MRELAB 

DEFW MRELA1 ; RELAB1 
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0 1 * ■ / 

♦ » 

v/ 3 * 

DEFW 

MVECTC 



O 1 <*« “ 


9/4 

DEFW 

MVECT 



O 1 r-r: 

t 

9?5 

DEFW 

MKCTAS 



O 1 OTi 

>«’ • i 

* * J. **'.* 

DEFW 

HENTRY 

i 

SENTRY 

o t ••r 

o< »*. . 

9/7 

DEFW 

MDOIT 

i 

DOIT 

AIM 

* 

' *i ■ - 

9 Z 3 

DEFW 

MDOITB 



0 1 1 ■: 

I 11 * 1 

929 

DEFW 

MR 1 1 BK 

i 

PIZ BRK 

OI 15 

" L k t| 

930 

DEFW 

MMENU 



O 1 1 7 

l i i 

931 

DEFW 

MGETP 



O 1 1 

• : -t- 

•-> 

DEFW 

MGETN 



0 t i r- 


V •!! > 

DEFW 

MPAUSE 

» 

PAUSE 

o i i r« 

r i ■ • 

";4 

DEFW 

MDISTI 

p 

DISPLAY TIME 

oi ir 

t 

9 

DEFW 

MINCSC 

f 

INC SCORE 

0 1 ‘ 1 

■ 

9 : :6 

DEFW 

INXN1B 

i 

INDEXN 

0 1 - *: 

• i. 

33 / 

DEFW 

PUTNIB 

t 

STOREN 

r« i 

6- 1 

i <’”♦ 

V . «./« 

DEFW 

MINDW 

i 

INDEXW 

0 i . 7 

1 1 : 

v :v 

DEFW 

MINDB 

i 

INDEXB 

r' i 

■r o 

9 10 

DEFW 

MMOVE 

P 

MOVE 

oi r 

* . '1 

94 L 

DEFW 

MSHETU 



u I f * 

; \ • ■ 

942 

DEFW 

BCD AD 



OI .1 

r • : 

94-: 

DEFW 

BCDSB 



ot • l 

or 

944 

DEF W 

BCDML 



01 “9: 

: : 1- 

945 

DEFW 

BCDDV 



0 1 35 

/.403 

•>•16 

DEFW 

BCDCS 



0> 1 :*> / 

A 1 o 

•A/ 

MET W 

BCMNG 



O 1 .2 * 

/■I i» : 

' ’ 4 • * 

DEFW 

SDADD 



0 1 SI i 

/ 903 

'? *1 A 

DEFW 

SDSMG 



01 3D 

5603 

950 

DEFW 

SDABS 



013F 

4 COS 

951 

DEFW 

SNEGT 



0141 

7F03 

952 

DEFW 

NRANGE 



0143 

4 1OC 

953 

DEFW 

MQUIT 



0145 

/.ro3 

954 

DEFW 

MSETB 



0147 

73 OO 

955 

DEFW 

MSETW 



01 49 

4002 

956 

DEFW 

MMTD 




958 

959 

960 

961 

962 

963 

964 

* / r; 
V O 


966 


967 


014F oo 

96S 

0 14*" OO 

96 9 

O1 4 n f 9 

"/ 0 

014 F ro 

97 1 

011F • O 

972 

01 50 i’ «'* 

973 

01.51 03 

9/4 

0157' o-o 

9/5 

015 3 o 1 

976 

0154 fo 

••>77 

0155 0- i < 

• 73 

0156 .i', 

•"t ~7 
* r 

0157 -'A 

930 

015:': r 

93 i 

01 59 r 

O C' y 

.• 

01 5A Ml’* 

On »“'* " i 

*■*. j 

015F F : 

9:-:4 

01 50 f •' 

935 

o 1 5r i n 

936 

015F ! i 

, ~ 7 

-• / 

0 15F i 

' :• o3 

O 1 6< * < 1 ' 

•;/39 

r> i 6 i < I 

•*'/M 

n 1 61 - 

1 

0163 rr 

/--> 

k 

0164 :• / 

» ;/ 5 

0165 » •’ 

v v4 


; MACRO ROUTINES ARGUMENT MASK TABLE 


, FORMAT: 

■, ************** 
; *7*6*5*4*3*2*1*0* 

; ****#*•#••*-# fr*#-**##**#********'**'**'** 

. * H * L * A * IX* B*C*D*E* 


********************************* 

, ARGUMENTS MUST FOLLOW THE CALL INDEX IN THE FOLLOWING 
, (UNITING UNUSED ARGUMENTS* OF COURSE) 


, ( INDEX ), I XL* I XH# E* D* C. 

MRARGT: DEFB 0 
DEFB 0 

DEFB 11OOOOOOB 
DEFB 11OOOOOOB 
DEFB 0 

DEFB 11OOOOOOB 
DEFB 00001000B 
DEFB O 

DEFB 00000100B 
DEFB 1111OOOOB 
DEFB 0 

DEFB 0010101OB 
DEFB 11OOOOOOB 
DEFB 0010111 IB 
DEFB 0010111 IB 
DEFB 1101OOOOB 
DEFB 1110001 IB 
DEFB 1110001 IB 
DEFB 1110111 IB 
DEFB 1110111 IB 
DEFB 0001001 IB 
DEFB 1100101 IB 
DEFB 1100111 IB 
DEFB 1100001 IB 
DEFB 1100111 IB 
DEFB 0010011 IB 
DEFB 1100011 IB 


B, A, L*H 
; INTPC 
; XINTC 
i RCALL 
; MCALL 
; MRET 
; MJUMP 

* SUCK 

i ACTINT 
; DECCTS 
i BMUSIC 
; EMUSIC 
; SETOUT 
i COLSET 

* FILL 

i RECTAN 
; VWRITR 
; WRITR 

* WRITP 
i WRIT 

i WRITA 
; VBLANK 
i BLANK 
i SAVE 
; RESTORE 

* SCROLL 

; NEW DISCHR 

* NEW DISSTR 
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230 


229 


01 66 

i f 

yp* 

DEF B 

11001111B 

» 

DISNUM 

n ) 67 

■" O 


DEFB 

001000OOB 

i 

RELABS 

<■) \ A.f : 

* 4 1 

9v7 

DEFB 

001OOOOOB 

i 

RELAB1 

01 6*' 

r«i 

998 

DEFB 

110101OOB 

i 

VECTC 

ii 1 

r m « 

- >• > 

DEFB 

HO 10000B 

i 

VECT 

i • i .* r 

i u i 

| < /I HI 

BFRi 

0 

i 

KCTASC 

••i /1 

i * ■ 

1 t • i 

DLF T> 

OOOOOU11B 

i 

SENTRY 

ol ,M * 

t o 

l GO 2 

DEFB 

1i000000B 

t 

DO IT 

016F 

r o 

1003 

DEFB 

110000OOB 

i 

DOITB 

A 1 A.F 

oo 

1004 

DEFB 

0 

i 

PIZBRK 

O1 70 

i 

1003 

DEFB 

1i00001 IB 

i 

MENU 

0171 

FA 

1 006 

DEFB 

u ion oob 

0 

GET PARAMETER 

o \ / ;* 

rr 

t 007 

DEFB 

1100111 IB 

i 

GET NUMBER 

01 7 2 

<’ *: ; 

1008 

DEFB 

00001000B 

i 

PAUSE 

r> 1 

07 

1 009 

DEFB 

0000011 IB 

i 

BISTIM 

01 75 

ro 

1010 

DEFB 

11OOOOOOB 

i 

INCSCR 

0176 

ro 

1011 

DEFB 

11OOOOOOB 

« 

0 

INDEXN 

0177 

r o 

1012 

DEFB 

11OOOOOOB 

* 

0 

STOREN 

0178 

r r» 

1013 

DEFB 

11OOOOOOB 

0 

INDEXW 

01 79 

r *« 

1014 

DEFB 

11OOOOOOB 

0 

INDEXB 

O \ 7 A 

i * 

1015 

DEFB 

i loom ib 

0 

MOVE 

oj ->F: 

i 

1016 

DEFB 

11001000B 

0 

SHIFTU 

r* i “*r 

i i 

10 17 

DEFB 

1100101 IB 

* 

4 

BCDADD 

i-1 7T» 

i * 

i 0 1 8 

DEFB 

1100101 IB 

i 

BCDSU8 

O t ’T 

, 

0-19 

DEFB 

1100101 IB 

i 

BCDMUL 

r* { 

i 

1 020 

DEFB 

1100101IB 

i 

BCDDIV 

O 1 :-:f i 

* 

1 02; 1 

DEFB 

11001000B 

i 

BCDCHS 

O t 9 1 

i .1 

.1 022 

DEFB 

0000101 IB 

i 

BCDNEG 

f . 1 9 “ 


1023 

DEFB 

1100101IB 

i 

DADD 

r* | 9 


1024 

DEFB 

0000101 IB 

i 

DSMG 

O 1 9'I 

> j 

1 023 

DEFB 

0000101IB 

i 

DABS 

0 1 95 

r ■' 

1 O'? 6 

DEFB 

11001000B 

i 

NEGT 

o!:':/. 


1 027 

DEFB 

001OOOOOB 

i 

RANGED 

<» J 97 

* 

1 0/9 

DEFB 

OOOOOOOOB 

i 

QUIT 

O1 99 

r 

1 0:79 

DEFB 

111OOOOOB 

i 

SET BYTE 

(’ • 1 89 

1 

1030 

DEFB 

1100001 IB 

4 

SET WORD 

0 \ 9A 

* 

1 

1031 

DEFB 

1100011IB 

4 

MASK TO DELTAS 




1033 

; INTERUPT ROUTINE FOR EVERYBODY 



1.084 

i WHO 

DOESN'T WANT TO WRITE 

! THEIR OWN 



1035 

i DOES 

4 60TH SEC COUNTERS 

IN CT0-3 

0 1 :=:F: 

I . 

1036 

MACTIN: 

PI 

0 

MAKE DAMN SURE 

O 1 P.r: 

f *■ 

1 037 


PUSH 

AF 


A 1 9D 

4’ ’ , 

1 088 


PUSH 

BC 


A J 9F 

r.‘ 

1039 


PUSH 

DE 


01 9F 

i * 

1040 


PUSH 

HL 


0 1 90 

r o-.r 

1 04 i 


IM 

2 


019? 

"» n’» 

1042 


LD 

A* I TAB. SHR. 8 


0194 

IM/ 

1 * *43 


LD 

I* A 


O 1 96 

t 

1 - *4 4 


LD 

A, 200 


O l 98 

It :.*r 

1 045 


OUT 

<INLIN)f A 


019A 

« “4 

1 046 


LP 

A.ITAB&OFFH 


0 1 9C 

n on 

I 047 


OUT 

(INFBK)f A 


0 19E 

i" i *0004 

1043 


CALL 

TIMEZ > 

UPDATE TIMQUTj 1 

A 1A1 

or - >f 

1049 


LD 

Cf OFH i 

USE CTO-3 

01 A3 

r ? i /r 04 

1050 


CALL 

TIMEY i 

DEC CTO-3 

0_LA6_ 

n 

1051 


POP 

HL 


O t A 7 

th 

l * >32 


POP 

DE 


Ml A9 

i i 

1-.V8 


POP 

BC 


OIjY' 

! 1 

J ii**4 


PUP 

AF 


A 1 A A 

IT: 

1 055 


El 



01AB 

C9 

1 056 


RET 




1 OSS . ROUTINE; SENTRY 

1 O'?? ; PURPOSE: TO WAIT FOR CHANGE OF PROGRAM STATUS 

1060 i IN EITHER THE PORTS OR THE TIMER-COUNTERS. 

1061 ; IN ADOPTION IT CHECKS TIMOUT FOR LONG PERIODS OF IN- 

1062 ; ACTIVITY. 

1063 ; IS VECTOR OUT FLAG SET?? 
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- 

2^1 



• 1 232 

01 AC 

3AFA4F 

1004 MENTRY: 

LD 

A# (SENFLG) 


O 1 AF 

rr or. 

1 00 n 

CP 

OAAH 


01B1 

r o i /o 

1006 

■JP 

1 , 2019H ; 

YES - JUMP OUT 

o 1 F: 4 

:«M Y -IF 

1 007 

LD 

A/(TIMOUT) ; 

CHECK IF TIME TO BLAKOUT 

0 1 F7 

r * 

1 068 

OR 

A 


O 1 F:X 

" a v :> 

i C.*0 9 

JR 

NZiTTEST-* 


0 1 F:A 

or 

i070 MPIZBK: 

XOR 

A ; 

TIME TO SHUT DOWN 

i) 1 FT 

f' 

i 07 1 

DI 



O 1 P:f 

r.*: ix 

1072 

OUT 

< VOLC )» A ; 

TURN OFF SOUNDS 

O1 F:F 


11-7.5 

OUT 

(VGLAB),A 


o i f o 

c> l *"»(-•• S'. 

1 074 

LD 

DC,CGLBX+8*256 


0 1 C 

\ n /-• 

1 073 

OUT 

( C), A i 

PAINT IT BLACK 

o t f 9 

i c,r c 

1 070 

DJNZ 

-2 


o J r 7 

i l t107 

1077 FBL.P: 

LD 

DE,AKEYS 


01 co 

r nr 4 or 

1 <778 

CALL 

FINDL3 i 

CALL STORE DE INTO CONTEXT RO 

o ten 

TiF 90 1 

1 

CALL 

TTEST i 

WAIT FOR SOMETHING TO HAPPEN 

01 no 

"t 

1 v-.-.O 

INC 

A 


ci i n t 

; or 7 

1 08 j 

JR 

NZ,MPIZBK-* 


C • 1 0 9 

f J t ,i. j'.-OI, > 

1 V.P ’ • / 

LD 

(IY+CBA )t 0 


01 07 

* T 

* . 

1 Ox X 

El 



o i n:~ 

. 'OF 0*1 F 

107:4 

LD 

HL,(COLLST) i 

GET SAVED COLORS 

01 OF: 

IF 

10X3 hi COLOR. 

LD 

(COLLST),HL i 

SAVE COLORS FOR FUTURE 

o i. nr 

> * j * F'C'X 

1.0x6 

LD 

BC* QOOH+COLBX' 


0 J F1 

rnnx 

1 0X7 

OTIR 

i 

RESET THE COLORS 

0\F~. 

or 

j 088 

XOR 

A 


01F4 

r 

10X9 

RET 



OI F3 

c rtf r 03 

111vo I TEST 

CALL 

TRCHK 


O 1 FS 

f n'r.AY" 

11/-. ( 1 

LD 

<IY+CDA),A 


OIFF: 

r r007 

1 CMS. 

LD 

<IY+CBE),B 


o l FF 

Ili 

1 09 X 

OF* 

SKYD 


0.1 FO 

i O' 

t 0X4 

RET 

C 


01 F1 

r r i o 

i r .; 

CP 

POTO 


0 1 F~: 

1 M « 

i « *V6 

RET 

NC 


OIF-1 

r r r 

1 09 t 

LD 

A,OFFH 


OIF/- 

"O i l IF 

\ Ci 

LD 

(TIMOUT)#A 


01F9 

f 

1 0 79 

RET 



o 11 0 

i - ] - 41 

lliil * 01 i l 

DM W 

xl r>L 


o|| i 

I ii p* 4 i 

1 Ii*. 1 

III 1 W 

FNCALC 


o i rr 

,'C-IO 

L I 09 

Mi l W 

CALCST > 

START OF CALCULATOR 



1 1 03 

, SYS 

1 EM ROUTINES JUMP VECTOR 


1 1 06 


ORG 200H 

o?no 

C :A004 1107 


JP TIMEZ ; DO TIMER l< MUSIC 

0?09 

C 9:7D04 1 108 


Jp TIMEX i DECTMR 

0206 

20 1110 

SYSFNT : 

DEED 2OH 

0907 

ox mi 


DEFE 8 

0908 

0:': 111:? 


DEFB 8 

0/0 9 

<0 i 1 13 


DEFB 1 

O*'*A 

*- • M 14- 


DEFE: 7 

C>' r«t : : 

r 1 >9: 1 M 3 


DEFW LRGCHR 

O'C.n 

, .**■ Ml 

SMI. FNT 

DEFE: OAOH 

09 C-F 

' •' MIX 


DEFE: 4 

0 “OF 

• ill 9 


DEFE: 6 

09 1 O 

»*• r 11 2u 


DEFE: 1 

09 1 1 

119! 


DEFE: 5 

C>“-1 9 

ri -,-, i i 9 


DEFW SMLCHR 


i >.:. 4 

. ALLKEYS MASK 

O 9 1 1 

r 11 

At.EYS 

DEFB 3FH 

O' l x 

: i .x 


DEFB 3FH 

07 ! / . 

■ i M . , 


DEFB 3FH 

O' 1 7 

\ 1 6 X 


DEFB 3FH 


i i -:ij 

, HEAD 

OF ONBOARD MENU 

0 “ t 9 

M * ’ MX 

OUNL..NK 

DEFW CML 

O • ! A 

« ■ -o M 99: 


DEFW PNGF 

C> ‘ t r 

r r ; ’ l .1 *. 


DEFW GFSTRT 

Ci 9 l F 

4 f « i 1 989 0 1 1 -4 


OEFM ‘MAX SCORE" 

0 9 97 

! 1 M 


DEFB 0 

0 9 7: 

"IF 4 6 M 


DEFM U OF PLAYERS' 
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234 


233 


o ■ " 4 

> <« 

11 ; / 


DEFE; 

0 

a ” ;r 

>'• ir 

4# 1 1 


DEFM 

# OF GAMES * 

- p 


1 i 


DEFE 

0 



1 14 1 

- MONO. 


CONVERT MASK TO DELTAS 



1 1 1 / 

, INPUT 


B ® JOYSTICK MASK 



J 1 -1 ' 

i 


G PLOP STATUS (MR FLOP BIT SET 



1144 

i 


DE « X PUSI1IVE DELTA 



1 149 

/ 


HL = Y POSITIVE DELTA 

0240 

CD9AO2 

1 146 

MMTD: 

CALL 

CONCPL * HANDLE Y 

0242 

FR 

114/ 


EX 

DE* hl 

0244 

0R71 

1148 


BIT 

MRFLGP# C * FLOP SET? 

024/:. 

2907 

1 1 49 

« 

JR 

Z*MMTD2-$ ; YES - DOIT 

0242 

79 

1 190 


LB 

A,B i NO - GET MASK 

0249 

F AO 9 

1 191 


AND 

3 

024 F: 

2901 

1132 


JR 

It MMTDl-$ 

024D 

2F 

1193 


GPL 

; INVERT IF NOT ZERO 

024F 

47 

1 194 

MMTD1: 

LD 

B* A 

024F 

009602 

1 199 

MMTD2: 

CALL 

CONCPL * PROCESS X 

029/ 

FR 

1 196 


EX 

DE* HL 

029' 

r ORfJOR 

1 157 


JP 

STHLDE ; STORE HL* DE AND QUIT 



i 159 

• 

, SUBROUTINE 

TO CONDITIONALLY COMPLEMENT OR ZERO 

029.' 

OF: 09 

1 1 AG 

CONGPL; 

RRC 

B 

0299 

9000 

11 AJ 


JR 

NC*CGNCl-$ * JUMP IF NOT UP 

02 9 A 

7n 

1 162 


LD 

A* L 

025F: 

7F 

J J 63 


CPL 


029r 

f.r 

1 164 


LD 

L* A 

0.290 

70 

l 169 


LD 

A* H 

075F 

7F 

1 1 6 6 


CPL 


02 OF 

y 

l 167 


LD 

H* A 

02 AO 

2' "• 

1 168 


INC 

HL 

02 A1 


1 169 


RRC 

B 

0269 

»' 9 

3 170 


RET 


0264 

f. r :n:~ 

1 i 71 

CONG1: 

RRC 

B ; DOWN SET? 

02 A A 

Ti9 

1172 


RET 

C ; QUIT IF SO 

02 A 7 

09'noo 

1 1 73 


JP 

C0NC2 ; JUMP TO ZERO OUT 




1 179 

, NAME: 


SCROLL 

MEMORY BLOCK 



1 176 

; INPUT: 


B = NUMBER OF LINES TO SCROLL 



1 i 77 

i 


C = NUMBER OF BYTES ON LINE TO SCROLL 



J i 78 

i 

w 

BE = LINE INCREMENT 



1 179 

i 


HL = FIRST LINE TO SCROLL 

026A 

AF 

1 180 

MSCROL: XOR 

A 



026n 

r 5 

1 181 

MSCRL1: PUSH 

BC 


* SAVE COUNTERS 

02/-T 

D9 

1 182 

PUSH 

DE 



026n 

17 

1 133 

LD 

B, A 



02 A F 

FT 

1 134 

EX 

DE* 

HL 


026r 

1 ' 

1 1' -9 

ADD 

HL* 

DE 

; ADD INCREMENT TO LINE 

0270 

F r 

1 1 86 

PUSH 

HL 



0271 

r pro 

t 1 87 

LDIR 



* ZZZZAP! 

027 -> 

11 

1 188 

POP 

HL 



027 1 

2 1 

1 139 

POP 

DE 



0279 

• 1 

1 190 

POP 

BC 



027. - 

1 «*| : 

1191 

DJNZ 

MSCRLl-$ 


0278 

i 4 • 

1 i 92 

RET 






1 1 '4 

* NAME: 


MACRO 

INTERPRETER EXIT WITH CONTEXT REST 



1 199 

* PURPOSE; 


QUIT INTERPRETING AND GO HOME 

0279 

LI 

1196 

MX INTO: POP 

HL 


* THROW OUT DUMMY RETURN 



1197 

* NAME: 


RETURN 

FROM SYSTEM CALL 



1198 

* PURPOSE: 


RETURNING TO USER AND RESTORATION OF REG 

027 A 

El 

1 1 99 

RETN: POP 

HL 


* RETURN ADDRESS TO HL 

o 2 / 6 

n <fr 1 

1200 

POP 

IY 



02/D 

DDL 1 

1201 

FOP 

IX 



02 7F 

D1 

1202 

POP 

DE 



0280 

Cl 

1203 

POP 

BC 



0281 

FI 

.1204 

POP 

AF 



0282 

E3 

1205 

EX 

(SP ) * HL 

* STK=RETURN* HL-OLD HL 

L 4 -- 1 

09 

1206 

RET 






1208 

1 209 

12 10 

; NAME; 

* 

DCDDV: 


BCD DIVIDE 



<v?s4 r or 002 

CALL 

GNACC * 

GENERATE 

ACCUMULATOR 

0237 F3 

1211 


EX 

< SP)* HL i 

HL = ACC* 

TOP = ARG2 
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0238 C5 
0289 0800 
U28B 79 
U23C CB39 
023E 09 
028F 4F 
0290 EB 
0291 EDBO 
0293 Cl 
0294 D1 
0295 2B 
0298 F3 
029? 05 






<>212V i.4'I 

02 BA 30F3 
02EC FI 
02cn Cl 
02BF 1855 


02 CO I'iDF 1 
02C2 AF 
02C3 4F 
02C4 


02C7 
02 C 9 
020A 
020B 
02CC 

oxer* 

02iT 
02 DO 
02 D1 
090 2 

02 nr* 

02 D 1 

o:ri c > 

02 DO 
02DB 
02 DC 


235 


4 , 301,503 


236 


1212 

1213 

1214 

1215 

1216 
1217 
1213 

1219 

1220 
1221 
1222 

1223 

1224 

1225 


PUSH BO 
LD B, 0 


A, C 

c 

HL, bc 
C, A 
DE, HL 


LD 
SRL 
ADD 
LD 
EX 

LDIR 
POP 
POP 
DEC 
EX 
PUSH BC 
LD B, O 


BC 

DE 

HL 

(SP),HL 


029A 

o- • 

1226 


ADD 

HL, BC 

i 

0/9F! 

C l 

1227 


POP 

BC 


02 9r 

on 

1228 


DEC 

C 

i 

0?9D 

FT; 

1229 


EX 

DE, HL 

i 

029F. 

3 B 

1230 


DEC 

DE 

f 

OF 7F 

it: 

123 3 

DIV1 : 

DEC 

DE 


O 'AO 

t >« 

1232 


XOR 

A 


or a ; 


1233 


SYSTEM NEGT 

• 

i 

(»> A 


1234 

DIV 2: 

SYSTEM DADD 

i 

0 A".'> 

9. * *r | 

1235 


JR 

C,DIV3-* 


r ' T 

* k - 11- 

“l 

1236 


INC 

A 

i 

1 1 , i i <> 

- - 

1 237 


DAA 



{ ■ i i ' * 

,< 4 J 

1 2 6 8 


JR 

NZ,DIV2-* 


i.< it L' 

i - 

1239 


POP 

HL 


(• . At 

.. • i 

1 240 


LD 

(HL),OFFH 


> — *■ r-> 

» • i ii 

0 k 

1241 


POP 

BC 


o; af 

i . - .A 

1242 


JR 

MULT6-* 


071U 


1243 

DIV3: 

SYS 

TEM NEGT 


OV B3 


1244 


SYS 

IEM DADD 


0 . B5 


1245 


EX 

<SP),HL 

> 

02 » ■ - 

. 1 

1246 


DEC 

HL 


n>L 


\ 24/ 


LD 

(HL) » A 

* 

# 

O >L: : 

1 : 

l 2.4 8 


EX 

(SP),HL 



HL = ARC1> DE - ACC 
HL - ARC1 FLAG+1 


** FIX ** 

HL = AR62, TOP = ARG1 FLAG 


HL = ACC+SIZE/2 

** FIX ** DECREMENT SIZE 
HL = ARG2, DE = ACC, TOP = AR 
** FIX ** 


ARG2 = -ARG2 <10S COMP) 
SUBTRACT UNTIL BORROW 

OR UNTIL LOOP COUNT > 99 


HL * ARG1 

SAVE ANSWER IN ARG1 


1 <i49 
1 250 

1251 

1252 

1253 

1254 

1255 

1256 

1257 


C 

NZ, DIV1-* 

HL 

BC 

DIV4-* 


i SUBRi 
ONACC: 


v 

* 


02 DF 
02F » 
02F ;• 
02 F •: 
02F4 



1258 

EB 

1259 


1260 

FB 

1261 

67 

1 262 

OF 

t 263 

-» 

1264 

♦ - rv 

i i 

1265 

i -. -f 11 

1 ,2 

1 / 

1 267 

2 O 

1 260 

* • r- • 

\ I 

1 269 

1 5 

1270 

r~ C“ 

/ - 1 

1 2 7 3 

i 

1 2 72 

F J i FOA 

1273 

18 

1274 

• t if. 9 

1275 


1276 


1 27 7 


1 278 


3 279 


1 280 


1 281 

r 14002 

1 237 

- y 

1283 

■■■■ 

\ ,:84 

r 7 

J 285 

*1 ' 

l 286 


MULTI 


JR 
POP 
POP 

y I Y ■ y - ^ 

5UTINE TO GENERATE ACCUMULATOR ON THE STACK 

POP IX 
XOR A 
LD C, A 
SYSTEM DABS 
EX DE,HL 
SYSTEM DABS 
EX DE,HL 
LD H, A 

LD L, A 

LD A, B 

PUSH HL 

DJNZ MULTI-* 

LD B, A 

ADD HL, SP 
PUSH BC 
PUSH HL 
PUSH HL 

H,(IY+CBH) 

L,(IY+CBL) 

LD C, B 

Jp (IX) 

■, DECIMAL MULTIPLY 

i GIVEN DE>AR61, HL>ARG2, B-SIZE/? 

; (SIZE/2-1 ASSUMEp EVEN) 

; RETURNED: ARG1-ANSWER, OO ON OVERFLOW 


i ARG1-ABS value 

iARG2=ABS VALUS 

iFLAG=l IF NEG ANS, ELSE POS 


GENERATE ACC ON STACK 
RESTORE SIZE 


LD 

LD 


SAVE SIGN 

SAVE STACK POINTER 
SAVE ACC POINTER 
RESTORE ARG2 POINTER 


BCDML: CALL ONACC 

MULT2 LD A, (HL) 

INC HL 
EX (SP),HL 
AND A 


i GENERATE ACCUM 
i A=MULT LOOP COUNT 

i HL>DEC ACC 

. ip p,=o, SKIP MULT LOOP 
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*7 


07E 3 

~ :\.09 

ii 

1 287 

* 

JR 

Z, MULT4-4 

O/F'* 

n 

1 ’"if OO 


EX 

D£, HL 

07P: ; : 


1239 

MULT 3: 

SYSTEM DADO 

07FA 

1 ■ 

1 290 


AND 

A 

O 7FR 

3|i 

1 291 


DEC 

A 

0 ?F* 

• 

1 292 


DAA 


o:in 

: r.j •/ 

1 293 


JR 

NZ * MULT3-4 

07FF' 

r 1 ; 

1 294 


EX 

DE, HL 

02 FO 


1 295 

MULT4: 

INC 

HL 

0?F 1 

1 3 

12 V 6 


EX 

< SP > # HL 

02 F 

■ 

129/ 


DEC 

C 

02 F : 

/of v 

1 298 


JR 

NZ,MULT2-4 

0?F r *. 

f J 

1299 


POP 

HL 

07FV. 

Ft 

1300 


POP 

HL 

02F7 

C | 

130 i 


POP 

BC 

02FF: 

no 

1 302 


PUSH 

pe 

't. | 

♦ ■ . 

I :03 


PUSH 

BC 

» v I . . 

i 

1 ui.| 


LD 

Ci B 

" J 1 

• . i >t i 

1 :< •*» 


LD 

B, 0 

n: | li 

i i . 

1806 


SK*L 

C 

o: rr 

«'>*■ 

1 307 


ADD 

HL, BC 

0300 

CD 71 . 

1308 


SLA 

C 

030 

F DRO 

1309 


LDIR 


030 4 

f 1 

1310 


POP 

BC 

i*) 3i C \ 

r * , 

1311 


PUSH 

BC 

O i \ 

« T: :: 

1 312 


SRL 

B 

f'i :i >: * 

Of 

1313 


XOR 

A 

(V:« 

DO 

1314 

MULT5: 

OR 

<HL) 

0300 

" i 

1315 


INC 

HL 

030 R 

1 OFC 

1316 


DJNZ 

MULT5-* 

o ?o r* 

07 

1317 


AND 

A 

03OF 

.* oO; v : 

1 3 18 


JR 

2,MULT7-* 

03 1 <■ 

Mi 

1319 


LD 

A,OFFH 

0:3 1 


1 320 


LD 

< DE) , A 

O : I 

\ 

l <21 

MULT7: 

POP 

BC 

O' ■*: j ; 

4 J 

i 322 


POP 

HL 

03 l " 

■ 3 H’ 

1 223 

DIV4: 

BIT 

0, C 

♦ j 


J 324 


JR 

Z,MULT 6 -* 

O "; ; 


i 325 


SYSTEM BCDCHS 

O *; i i ! 

i 

•* 

1 3»-:.6 

MULT 6 ; 

POP 

HL 

03 J > 

■Mi 

1 327 


DJNZ 

MULT6-4 

Fr-; t i 


1328 


RET 




1329 


; BCD 

SUBTRACT & , 


O '; ! 1 
05 .' ! 
O'; 

O':: 1 
0 ' ■ 
0*7 


< t 

Ci 

o 

O' 

r. 

<:» 

<v 

O' 

O:.' 

O' 

o' 


- t j 

::;»r 
2 I 


> 

♦ - » ♦ 


’ *♦/ 
*. N 


t t 


; \ 

i i u » 


ELSE MULTIPLY 
CLEAR THE CARRY BIT 
DECIMAL DECREMENT 


INCREMENT DECIMAL ACC 
HL>ARG2 


RESTORE STACK POINTER 
RESTORE SIGN 


CHECK FOR OVERFLOW 


SET FLAGS 


iCHECK SIGN ANP 
;NEGATE ARGJ IF NECESSARY 

i RESTORE ORIGINAL STACK POINTER 


1 -;30 
1 331 
1332 
i 333 
i 334 
i 335 
i 336 
1337 

1 33 V 

1340 
i 341 
1342 
13 43 
1344 
1 345 


BCQSB 

bcdad 


1 

346 

1 

347 

1 

348 

1 

349 

l 

350 

1 

351 

1 

•352 

1 

• r*5 J 

1 

354 

I 

355 

1- 

356 

1 

357 

l: 


1 

359 


;GIVEN: DE>ARG1, HL>ARG2 

* B=SIZE/2+l 

i RETURNED: ARG1=ANSWER 
SYSTEM BCDCHS 
SYSTEM BCDNEG 
EX BE,HL 
SYSTEM BCDNEG 
EX DE, HL 
SYSTEM DADD 
; AND FALL INTO 


» DECIMAL SIGNED MAGNITUDE 

i 

;GIVEN: DE>ARG (10'S COMPLEMENT) 

i B=SIZE/2+l 

i RETURNED: ARG (SIGNED MAGNITUDE) 


SDSMG: 


SDSMG) 


LD L, B 
DEC L 
LD H, 0 
ADD HL, DE 
LD A,(HL) 
CP 30H 
RET C 
EX DE,HL 
LD A. 0 
SBC A. (HL) 
DAA 


;HL>ARG+B-1 (SIGN BYTE) 


iIF POS (SIGN NIBBLEC5) 
f EXIT 

iELSE IO"S COMPLEMENT 
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A V - ■' 

* f 

1 500 


LD 

( HL ) ,A 

< * : : 


1 3*1 


INC 

ML 

t * : : • 

* ' 4 1 : • 

13.. 


L» JNZ 

.U3MGl-$ 

O ":f: 

. B 

1 


DEC 

HL ;AND SET SIGN BIT 

0:3” f: 

'•r 

1334 


LD 

A,(HL) 

033D 

E 630 

13c. 5 


OR 

80H 

03 3F 

•I t 
, / 

1366 


LD 

< HL),A 

0340 

r 9 

1367 


RET 




1 363 






1 36 9 


i 




1 370 

% 

; BCD 

NEGATE 



1371 


/ 




1372 


;GIVEN: DE>ARG (SIGNED MAGNITUDE) 



1373 


i 

B=SIZE/2+1 



1374 


;RETURNED: ARG (ID'S COMPLEMENT) 



1375 


i 


034 1 


1 376 

BCDNG: 

LD 

L, B * HL3ARG+B-1 (SIGN BYTE) 

03 V~' 

,9 » 

1 37 7 


DEC 

L 

03 1 3 

1 1 1 ► 

I 3/3 


LD 

H, 0 

03 ir 

1 

1 379 


ADD 

HL, DE 

0310 

® * ♦. 

1. -:0 


BIT 

7 » (HL) i EXIT IF POS 

0 3 13 

i 

1 .31 


RET 

Z 

! 9 

: : *r« 

133.3 


LD 

<HL),0 ; CLEAR SIGN BYTE 

034I-: 

n : 

i 


EX 

DE, HL 

0 4 f * 

r r 

.1 ...34 

SNEGT : 

XOR 

A ; CLEAR CARRY 

0 3 1D 

3F 00 

1 395 

ECDWG1 : 

LD 

A, 0 ; ELSE 10'S COMPLEMENT 

03 t-F 

VI 

1 33 c. 


SBC 

A,(HL) 

0350 

■> "* 

1337 


DAA 


055 1 

*7' ;• 

1 Z* *Z**Z* 


LD 

( HL ), A 

0‘:s;- 


1 33V 


INC 

HL 

(>33 3 

1 01 "3 

1390 


DJNZ 

BCDNG1-* 

0333 

r 

1391 


RET 




1392 


i 




1393 


i 




1394 


jDECIMAL ABSOLUTE 



1395 


i 




1 396 


.GIVEN: DE>ARG (SIGNED MAGNITUDE) 



1 397 


i 

B=SIZE/2+1 



1 -o o o 

X - ._■* 

1 -‘OQ 


;RETURNED: 0=0+1 IF SIGN BIT CLEARED 

0333 

✓ Fp 

1 .*• y / 

1400 

3DA33: 

# 

LD 

L, B 

0337 


1401 


LD 

H, 0 

0 339 

:■ 

1 402 


DEC 

L 

033 A 

j V' 

1403 


ADD 

HL, DE 

033F: 

l' ! : T 

1 404 


BIT 

7,(HL) 

0930 

rr: 

1405 


RET 

2 

( ' *! r •[• 

,1 1 i'i 

1 406 


LD 

(HL), 0 

O: V.O 

FI: , I*>6 

1 40/ 


INC 

(IY+CBC) 

0339 

r 

1 40J: 


RET 




1 409 


i 




l 4 1 O 


* 




1411 


i BCD 

CHANGE SIGN 



14 12. 






1 413 


i GIVEN: HL>ARG B=SIZE/2+l 



1414 


i 

(SIGNED MAGNITUDE) 



1415 


.RETURNED: ARG SIGN BIT COMPLEMENTED 



1416 

. 

i 


03/. 4 

•13 

14 17 

31 DCS: 

LD 

C, B 

O :// , 

u. .< »f> 

14 13 


LD 

B, 0 

n 

* •!< 

J 4 19 


DEC 

C 

I*'. '*■> / <~~4 

1 J , ,|‘m ■* 

09 

1 49 0 


ADD 

HL i BC 

0369 

7E 

1421 


LD 

A,(HL) 

03 6 A 

PESO 

1422 


XOR 

SOH 



1423 

; NAME: 

* 

SET BYTE 

036C 

77 

1*424 

MSETB: 

LD 

(HL),A 

036D 

f 9 

1425 


RET 




1426 


i 




1427 


i 




1428 


j DECIMAL ADD 



1429 


i 



1430 

1431 


;GIVEN: 


DE>ARG1 HL>ARG2 < 10'S COMPLEMENT) 
B=SIZE/2+1 


1432 


;RETURNED: 


ARG1=ANSWER (10'S COMPLIMENT) 


03AF Of 


1433 i 

1434 3DADD; XOR A 
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242 


4 

*241 


09 AF 

i >7 

1433 

80 ADD 1 : LD 

A# < DE ) 


037- - 

:*:r 

1436 

ADC 

A, < HL ) 


037 1 

V 

i 437 

DAA 



03'" 7 

i 

14 38 

LD 

< DE) # A 


037 

\ 

i 439 

INC 

DE 


037 4 


1 140 

INC 

HL 


0373 

1 

1441 

DJNZ 

3DADD 1 -% 


037 " 

F F 39 

1 4 V2 

CP ■. 

99H ; 

** FIX ** 

0379 

1 7 

1 443 

RLA 

i 

** FIX ** 

037A 

* r 

.1444 

CPL 

i 

** FIX ** 

0370 

1 07708 

’ 1445 

LD 

<IY+CBFLAG )* A 

i SEND BACK STATUS FROM DADD 

037r 

f. 

1 446 

RET 





1443 

i NAME: 

RANGED RANDOM NUMBER 



1449 

; INPUT: 

A = RANGE 



1450 

; OUTPUT: 

A = RANDOM NUMBER (0 TO 

RANGE-1) 

037F ! ' . 

1 451 

MRANGE: PUS 

H AF 


OAF:.'/ AF-F4F- 

1 452 

LD 

HL# < RANSHT) 


03:-: ": FT IACG3 

1453 

CALL SHIFTR 


038.3 «'■ i i 700 

1454 

LD 

EC# 23 


0389 09 

1 455 

ADD 

HL# BC 


038A :":A 

1 456 

ADC: 

A# D 


088P ?r T'4F 

J 457 

LD 

< RANSHT)# HL 


038F 7AF14F 

1458 

LD 

HL, < RANSHT+2) 


0391 9F 

J 459 

LD 

E# A 


039? r 1 >0008 

14 • « 0 

CALL SHIFTR 


0395 1 v- 

1461 

ADD 

HL# DE 


099 A ?.*| 14F 

l 462 

LD 

(RANSHT+2)# HL 


0399 ’ , 

1 163 

LD 

E# D 


039A J 0 

1464 

EX 

DE# HL 


03*8 f 1 

1465 

POP 

AF 


039F A 7 

1 466 

AND 

A 


03*0 IF 

1467 

LD 

C# A 


039F 70 

1468 

LD 

A# D 


039F 2 908 

J 469 

JR 

Z# R3~$ 


usA i or 

14 70 

XOR 

A 


03A2 1 9 

1471 

R1: ADD 

HL# DE 


03A3 3001 

1 472 

JR 

NC# R2-i 


n:,Yi :i 

1473 

INC 

A 


<»9|V.. (4i 

* 1474 

R2: DEC 

C 


03A 7 2OF 9 

14/ 5 

JR 

NZ# R1-* 


0:3A9 C3D10A 

1476 

R3: JP 

QFROG 


03 AC 44 

1477 

SHIFTR: LD 

B# H 


03AD 4D 

1478. 

LD 

‘ C# L 


03AE AF 

1479 

XOR 

A 


03AF 1607 

1430 

LD 

D# 7 


0331 29 

1431 

SHI: ADD 

HL# HL 


03E2 17 

1432 

RLA 



03B3 15 

1433 

DEC 

D 


03B4. 2OFB 

1484 

JR 

NZ# SH1-* 


03E6 09 

1435 

ADD 

HL# BC 


03B7 8 A 

1436 

ADC 

A# D 


03B8 C 9 

1437 

RET 




1489 

i NAME: 

SAVE AREA 



1490 

# INPUT: 

HL = SCREEN ADDRESS 



1491 

/ 

DE = SAVE AREA ADDRESS 



1492 

i 

BC * Y#X SIZE OF AREA TO 

SAVE 


1493 

; NOTES: 

THE SIZES OF THE OBJECT ARE SAVED IN THE 


1494 

i 

THE FIRST TWO BYTES OF THE SAVE AREA. 

03B9 r: L 

1 495 

MSAVE: EX 

DE# HL 


03BA 7j 

1496 

LD 

<HL)# C # SET X SIZE 


08BF: ?3 

1497 

INC 

HL 


03EC 70 

1498 

LD 

<HL># B i SET Y SIZE 


03 ED 23 

1499 

INC 

HL 


03EF or 

1500 

XOR 

A 


1)3 BF r I-. 

1501 

EX 

DE# HL 


03C0 FT: F4 

1502 

SET 

6#H # SET NONMAGIC 

ADDRESS 

03C2 rr; 

1503 

MSAVE1: PUSH 

BC 


03C3 F r. 

1504 

PUSH 

HL 


03C4 17 

1505 

LD 

B# A 


03C5 FDEO 

1506 

LDIR 



0307 Fi 

1507 

POP 

HL 
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244 


«i -:i 

03CC 


Ok 28 

243 

1508 

LD 

C.BYTEPL 

1 .«■ 

i 509 ~ 

ADD 

HL. BC 

! > 

1510 

POP 

BC 

1 >f 4 

1511 

DJNZ 

MSAVE1-* 

i 

i 51 2 

RET 



03CF- ' 1 ■ ■ 9 

o°.ni rn-u 

03153 ■ *'" 
o3D 4 t dm 
(>306 *'■ ; 0F 
03 D© 1 9 


151 4 
i5 15 
l5 16 
15 1 7 
13 18 

1519 

1520 

1521 

1522 
r ./*> 
15/5 
I 1 ■/.•> 

4 r- o 

1528 

1529 

1530 
i 9:31 


; NAME; PREGAME OUTPUT PORT SETUP 
, PURPOSE; TO SET C0NC0M. VERBL ETC 
, INPUTS B=H0RCB. D=VERBL# A=INM0D 
MSETUP * LD C.HORCB i GET BASE PORT NUMBER 

OUT (C).B * HORBD 

INC C i 

OUT < C). D i VERBL 

OUT (INMOO). A 

RET 

, NAME. FI 31 M»K FRANS l F IONS .... 

I (ij.ji | 1 un in LOOK I MR CHANUl-.S IN IMt. PORTS *-*<Tc. 

, Hk: FUR NS A- U NO CHANGE 

; 1- 8 COUNTER UMER41N HIT 0 

• •:>—0 = POT0-* 3 CHANUED 

, 0 -- A SECONDS UP 

■ p- KEYBOARD CHANGED (0=0-24) 

; P-16 : TRIGO!JOY0 - T 3! J3 
, RETURNS NEW VALUE IN B 


GET MASK 


OJR / 

3F 

1533 

c a.p 

LD 

E.(HL) 


o“:nr, 

0 J 0108 

1534 


LD’ 

BC. SO1H 


03 DP 

79 

1535 

CCTLP 

LD 

A# C 

* 

03 OF 

or 

1536 


RRCA 



03 DF 

4F 

1537 


LD 

c. A 


03F0 

A3 

1 JOO 


AND 

E 

. 

03 F t 

*' (> > r . 

1539 


JR 

NZ,CCTI-* 


03f-r: 

1 * •! . • 

1540 


DJNZ 

CCTLP—* 


08F5 

1 

1 54 1 


RET 



rv~: f 5 

J : 

I 54 :• 

CCT 1. 

X OR 

E 

i 

031 * 


1 943 


LD 

(HL).A 

i 

03r . 


i 544 


L.D 

A. B 


1 • ! I "• 


1545 


ADD 

A. D 


03F. . 

" J 

1546 


POP 

HL 

i 

031 1 


1 54 7 


RET 



03f ; 

■ i 

1.343 

1 RCHK. 

JR 

Z.T SEX-* 

i 

u3Fi 

* H. 4 F- 

i '.*4 9 


LD 

HL.CUNT 

i 

0 3F 7 i 

1 . .* *o 

1 550 


L.D 

B. 0 


0 3F3 

r 1 rr'-’Y": 

1551 


CALL 

CTLP 

i 

o:r . 

1 , ^ * * 

1 552 


LD 

D. 8 


O ~:F 

■■ 

J. 553 


INC 

HL 


0 3T * 

t 1 <• :■ * -! 

i 334 


CALL 

CTLP 

i 

0 31 1 

- > i 1 < 04 

t 535 


LD 

BC.400H+P0T0 


0*4 1 


1 558 

TPL..OP 

INC 

HL 

i 

04' m< 

1 1.3' 

1 337 


IN 

A. <C) 


04 O - 

1 .) 

’ ir ►; » 

L J JO 


LD 

E, (HL) 

t 

O 40 . 


1 350 


SUB 

E 


0404 

* r i 

1 5 AO 

> 

JR 

C.PHOT-* 

i 

04* 

: ». * *, : 

1 1 ;a 1 


SUB 

PFUG 

J 

. *4< *-" 

1 * , 

l . *". > 2 . 


JR 

C.EPLOP-* 

J 

04'Mi 

1 

1563 


INC 

A 


04 "l 


1 ■,.*;> 4 

PHOT: 

ADD 

A. E 


04 Oi 

• ■ 

1-355 


LD 

(HL),A 


04 ■"«! 1 

l * 

1 *''«.*■ A 


LD 

B. A 


04 < 'l 


1 367 


LD 

A. C 


041 *1 

, 

1 > f 3 » 3 "< 


RET 



i’<4 i * 

' * • k 

i 3. .V 

F PL OP 

INC 

C 


04 \ 1 

) < 4 I 

15/ O 


DJNZ 

TPLOP-* 




13/1 

, NOW 

TEST £ 

iECONDS 


04 1 

; i 41 

L*/ 

TSL X 

LD 

HL,KEYSEX 


04 L 

> 

i • / 5 


LD 

A, (HL) 



CHECK IF CT BIT =1 


MASK OUT BIT IN QUESTION 
PUT BACK THE CTFLAGS OR SEMI4 


OLD RET ADDR 

SKIP COUNTER-TIMERS AND POTS? 
GET COUNTER TIMERS SjTATUS 

COUNTER TIMERS 

SEMI4S 
-> MPOTO 
GET OPOT 

NEW ONE LESS THAN OLD 
FUDGE. BOUNCE FACTOR 
NEW MORE THAN OLD+4 


HL = KEYSEX 


0 4 1 •* 
04 l ‘ • 
04 11 
04 \ I* 
04 U 


1 It 


r 1 » 


1 374 

1 

1 , 

*77 


r .75 

15/7. 

J 


04 /1 * 1 ■ s 

!-•*.- I I * 

04 . 7 1 1 1 TOO 


I 


L ‘ -i / r ' 

*/•' 
| 3. ,U 

r *:; i 

I 3:': 2 


BIT 7* A 
JR 7..TKEYS-* 
RES 7.A 
LD (HL),A 
LD A.SSEC 
RET 

, Mi iU U 1 M Y BOARD 

fI I.Yu: PUUI HL 

CALL DLL-0 AD 


SECS 
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246 


^245 


04 25 

rr> 

1533 


EX 

DE, HL 



04 26 

011704 

1584 


LD 

BC* 400H+KEY3 




l1OOKF 

1585 


LD 

DE,OFFOOH 

i 

SET BIT COUNTERSCGLUMNN 

04 20 

ED7S 

1586 

MSK1: 

IN 

A, <C) 



04?f. 

06 

1587 


AND 

(HL) 

i 

CHECK AGAINST MA£K 

04 ?r- 

?00A 

1588 


JR 

NZ,M$ENK2~* 



0431 

Oil 

1589 


DEC 

C 

i 

NEXT PORT 

043? 

1C 

1590 


INC 

E 

i 

AND COLUMN 

043:3 

“ 'T* 

j!. 

159J 


INC 

HL 

i 

AND MASK 

0434 

1 OF6 

1592 


DJNZ 

MSK1-* 



0436 

/ 6 

1593 


LD 

A, B 

i 

NOTHING DOWN 

0437 

i F 1 2 

1594 


LD 

EiSKYU 



0439 

i •<..*13 

1595 


JR 

MSENKE-* 



04 3F: 

1 1 

J 596 

MSENK2 

INC 

D 

i 

BIT COUNTER 

04 3f 

• M 

1597 


RRCA 



* 

04 30 

■ * 

1 5*7*8 


JR 

NCiMSENK2-* 



013F-- 


1599 


LD 

A, D 



04 40 

\ • 

1 oOO 


RLCA 


i 

KEY=BIT*4 

044 1 

* 

1 601 


RLCA 




044? 


1602 


ADD 

A, E 

i 

+ COLUMN 

0443 


1603 


INC 

A 

i 

PLUS 1 

0444 

’ *' . 

1604 


LD 

EiSKYD 



04 46 

1 ; 

t 60S 

MSENKE 

POP 

HL 



04 47 

1 _ , 

1606 


XOR 

(HL) 

i 

KEY=OKEY? 

04 43 

i ' F 

t 30 / 


AND 

7FH 



04 4 A 

■ /, r 

1 .'".‘08 


JR 

ZiHANDLE-* 



0440 

1 ■ 

i 609 


XOR 

(HL) 



044 n 


1 6 1 0 


Lp 

< HL )1 A 



04 4F 

1 r 

1 _• 1 1 


AND 

07FH 



0450 

1 * 

161 2 


LD 

B/ A 



0151 

* • 

1613 


LD 

AiE 

i 

KEYBOARD RETURN CODE 

045? 

■ ■ ■ 

1614 


RET 






i 6 15 

i NOW TEST HANDLES 



0453 

. ■ s i 004 

1616 

HANDLE 

LD 

BC,400H+SW0 



0456 


i 6 | 7 

SWLOP 

INC 

HL 

i 

-> OSWO 

0457 

r h.V, 

1 01 8 


IN 

A, (C> 



045 C/ 


161 9 


XOR 

(HL) 

i 

COMPARE THE 2 

it 4 1 4i 


1 620 


JR 

NZ,SWHIT-* 



* ■* 


J 621 


INC 

C 



0450 

i i / 

1 6 22 


DJNZ 

SWLOP-$ 

i 

NO CHANGE 

04 5F 

* 

1623 


LD 

A, B 

i 

RETURN 0 

(. 4 /.« 

■ 

1 634 


RET 




t *4 ?-1 

it. .' 

1,-/5 

SWHIT: 

BIT 

4i A 

i 

TEST TRIGGER 

0463 

• 1 

l 6 26 


JR 

Z, JOYS-* 

i 

NO TRIG MUST BE JOYSTICK 

0465 

1 ! ■ ■ 

16? 7 


AND 

10H 

* 

FILTER OUT TRIGGER 

0467 

- 

1 6 28 


XQR 

<HL) 

i 

UPDATE VALUE 

< . 4 // : 


1629 


LD 

(HL)# A 



< .4 6* ■ 

t • 1 - > 

\ 6-30 


AND 

10H 



»»46L: 

l 

1631 


LD 

B 1 A 



04 or 

• 

1632 


LD 

A, C 

i 

GET PORT NUMBER 

01 on 

l * 

1633 


RLCA 


* 

» 

*2 

O 4 or 

or • i 

1634 


SMB 

OCH 



0470 

1 > 

1635 


RET 




04 /1 

or 

1 686 

JUY-.3: 

XOR 

(HL) 



< »4 / / 

/ 

10 3/ 


t Li 

< HL ),A 

i 

NO CHANGE IN TRIG SO STORE 

< *4 / : 

1 Oi .1 

| * M > 

| 4 . .»*, 


AND 

OFH 

i 

TAKE OFF TRIGGER 

0-1/6 

4 / 

1 0.J9 


LD 

Bi A 



0476 

70 

* 

.1640 


-LD 

A, C 



0477 

07 

1641 


RLCA 


i 

*2 

0475 

D60P 

1642 


SUB 

OBH 



047A 

C9 

1643 


RET 






1645 

j 

TIMEX 





1646 

J 

INPUTS HL 

-O TIME BASE IN 

RAM 



1647 

i 

B«TIMf BASE MODULUS 




1648 

i 

C-MASK AS 

IN DECCTS 




1649 

i 

PURPOSE: ' 

TO DECR TIMEBASE 

AND 

IF 0 RESET IF AND DECR 


1650 

i 

CpUNTER 

TIMERS 



047 F: 35 

1651 

TIMEX: DEC 

(HL) i 

DEC 

TIMEBASE 

f-4 7f . > 

1652 


RET 

NZ 



04 7 V: 

1653 


LD 

(HL)iB ; 

RESET TIMEBASE 


1655 


NAME: DECREMENT COUNTER 


TIMERS 
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\ 



• u ,i 

WO - 

• i054F 

>4 9 

1 M • 

>495 

r r: 

■>487 

OOA 

>49" 

VI 

1 4 y i -t 

r ; 

> 4 8 F: 

; : 

• 4 "4 i 

:r 1 

•19F 

■ 

VI 9f 

« <M | 

■4 l 


<4 V 

* 

04 


1*4 ~'4 

. 15 A 

iwV-. 

I ! n 

04 

* I»D4F 

04*'M 

i 

i , 

i *4 V 

. 1 (! *4F 

i*>4 ’ > 

i 


247 


1656 
1 657 
1656 
I 659 
1660 
1661 
1 6 6 7 
.1 668 


' 248 

I |\jpl it9 C=NASK 

USED BY ACT INT AND DECCTS TO DECREMENTS CTS UNDER MASK 
MASK= *76543210*5 IF BIT=1 THEN DEC CORESPONDING 
CT# , IF EIT=0 LEAVE CT# ALONE 

NOTE ALL CHUNTERS ARE RUN IN BCD FOR EASY DISPLAY 

■j NO OF BITS 
; -> TO COUNTER TIMERS 


TIMEY 


LD 

LD 


Bi y 


LD 


T T Ml P ■ 


CPI 


_•) 

HL,CTO 
D, 0 

i - ’ 


RESULTS 

ruAMRP THT« TIMER? 


1665 

1666 
1667 
i 66 y 

1669 

1670 

1671 


JR 

NC,ETLP-* 


LD 

A,(HL) 

; GET THE TIMER 

OR 

A 

i IS IT ZERO ALREADN 

JR 

z. eTlp-* 


DEC 

A 


DAA 



JR 

NZ. +3 



) >.,72 

1678 


SCF 

LD 

(HL) , A 

1 /4 

K ri.P: 

INC 

HL 

1 r- / 


RR 

D 

t V, / 


DJNZ 

TIMLP-* 

1 67 , 


LD 

A/(CUNT) 

16/8 

, 

OR 

D 

1/ 7? 


LD 

< CUNT),A 


STORE NEW VALUE 
ROTATES IN CARRY FLAG 
COUNTER UPDAT E&NUMBE R TRACKER 


i < ‘ 1 


RET 


69/ 


uImii . u ■'■or 
04 A : i U4I7 
04A 1 , CO 
04A6 CBCE 
04AS EB 


1 689 

, PURPOSE 

1684 

, INPUTS 

1685 

; N'V PU: 

1686 

TIT. 

t 697 

LD 


NAME: TIMER ROUTINE 

TO UPDATE GAME Til 
OUTPUTS: NONE 


l/.yy 

1689 

1690 

1691 

16 92 


ML,PRIOR 
BI T 15 <HL) 

RET NZ 
SET lr(HL) 

EX DE, HL 

*SIX TYITH OF A SECOND INTERUPT* 

; NOTE TIMER 
; =0 SKIP 


i ASSUMES YOU PUSH DA REGS 
i PRIORITY-TICKS 
iCHECK IF TICKS OVERRUN 
i RETURN 


04 A? 

21EA4F 

1693 

« > 

LD 

HL, DURAT 

04 AC 

7F 

1694 


LD 

A, (HL) 

04 AD 

157 

1695 


OR 

A 

04 AC 

231C 

1696 


JR 

l, SIXY-$ 

04 BO 

■-orr 

1697 


DEC 

(HL) 

04B1 

200B 

1698 


JR 

NZ,STAKO-* 

04133 

E5 

1 699 


PUSH 

HL 

04 B4 

DDE5 

1700 


PUSH 

IX 

04B6 

CD1405 

1701 


CALL 

MUZCPU 

04 B? 

nr<r- 1 

1702 


POP 

IX 

i.) 4 B E* 

FI 

1703 


POP 

HL 

04F:<~ 

»*.•>( 4- 

1704 


JR 

SIXY-* 

A4BF 

r r 

1 705 

STAKO: 

EX 

DE, HL 

04 RF 

i or 

1 7 06 


BIT 

7, <HL) 

04C 1 

I R 

J 707 


EX 

DE, HL 

04 c : 

* *H »: : 

1708 


JR 

NZ,S1XY-* 

04 c 4 

:0 

1 709 


DEC 

A 

04 r 1 « 

: 15 

1710 


DEC 

A 

04 f ; 

■..» 1 

1711 

1712 

; A-0 

JR 

NZ,SIXY—$ 

r< 4 C 3 

0 9 t 6 

1713 


OUT 

(VOLAB),A 

04CA 

.■515 

1714 


OUT 

( VOLC ), A 

04C r 


1. 715 

SI XV: 

INC 

HL 

04 CD 

r ■ 

< 1 

17 16 


DEC 

(HL) 

04 CF 

1 . (* >05 

1717 


JP 

P,GOUT 

04 D1 

. O 

1718 


LD 

< HL. ), 59 

0 4 D 9 


1 7 1 9 


INC 

HL 

04R4 

; ( 

1720 


EX 

DE, HL 

04 D' « 

5 -4F 

1 721 


LD 

HL,KEYSEX 

0409 

* r.f ! 

17 22 


SET 

7, (HL) 

04 DA 

1 o 

1 723 


EX 

DE, HL 

0401 : 

; L 

17 24 


LD 

A,(HL) 

04 DC 

F: V 

1725 


OR 

A 

0400 

/9m ! 

1726 

■ 

JR 

Z,GTIMER-* 

04 OF 

t 

1 727 


DEC 

(HL) 


\ y 
t 7 29 

, *GAME TIMER ONCE A 
; IF (SEC ! = 0 & MIN 


=0 DO NEXT NOTE 


=1 QUIET NOTE 


IF(—TMR60C0) 
ELZ ONWARD 
THEN TMR60=59 
-> TIMGUT 

SET SECONDS UP 


CHECK IF ZERO 


DEC TIMOUT 
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249 

i / JO 
l 731 

i / -, 2 
1 7 :: 


oor- • 


1 7 ":4 

04 r! 

•f 

1 7 =5 

04 r; 


1 / ;6 

04 F ' 

l 

1 / <7 

041 : 4 

. : ! : 

1 738 

04 F/ 

. r 

1 7 -:y 

04 F 7 

•( 

1 740 

04F 

i ■ / 

1 741 

04 F'' 

,'i m r t 

1742 

04 r J • 

.» .• '/ 

1 743 

"1i 11 

4 

174 4 

" It | 

1 

l /•!'. 

f • If 1 

1 i 

1 7 46 

o jr <, 

• t 
*■ » 

l 74/ 

04 r* i 

f -T 

t f 

1748 

04F2 

1 80E 

1749 

04F4 

:D 

1 7 50 

04F5 

yj 

1751 

04 FO 

i / 

1 752 

04 r 7 

| i r’t 

1 753 

04F > 

■ If :':*1F 

1 754 

oirr 

r 146 

1755 

04 Ft 

7802 

1756 

0500 

r FFF 

1757 

0502 

IF94F 

1758 

0505 

i" F8F 

1 759 

0507 

i ■ 

J 760 


• 

1 76 7 


IF (SEC == 0) 
SEC-59; —MIN 
ELSE .—SEC 
ELSE GAMETIMEUP=1 


GT1MER: INC 
LD 
INC 
OR 
JR 
DEC 
LD 
OR 
JR 

LD 

INC 

ID 

DLL 

DAA 

LD 

JR 

GTOl; DEC 

DAA 

LD 

JR 

GT02: LD 

BIT 
JR 
SET 

GOUT LD 
RES 


HL 

A, (HL) 

HL 

(HL) 

Z, GT02-* 

HL 

A,(HL) 

A 

NZ,GT01-* 

< HL),59H 
HL 

A# (HL) 

A 

< HL),A 
GOUT-* 

A 

(HL),A 
GOUT-* 

HL,GAMSTB 
GSBTIM, <HL) 
Z,GOUT-* 
GSBEND, (HL) 
HL,PRIOR 
1, (HL) 


*->GTSECS 
IF (SEC 1^=0 
->GTMINS 
MINI =0) 

->GTSECS AGAIN 
IF (SEC ==0) 


THEN SEC-59BCD 
->GTMINS AGAIN 
—MIN 


ELSE —SEC 


ELSE GAMETIMEUP=1 


I 76 


__ _RET_ 

NAME: START MUZCPU 
PURPOSE: 10 START MUSIC PLAYING 




1 764 

• INPUTS: HL. -> SCORE 



1 765 

i A--VOICES 



1766 

- NOTE: YOU. ,SHOULD LOAD 

0508 

32D44F 

1767 

MUZSET LD (VOICES), A 

050 R 

PD72D04F 

1768 

LD (MUZSP), IX 

050F 

COFCO5 

1769 

CALL MUZSTP 

051 2 

1 803 

1770 

•JR MUZCP1-* 



1771 

i NAME: MUZCPU 


RETURN TO BACKGND OR LO LEVEL 
(ALSO NOISES) 


IF YOU DO CALLS 


1772 

1773 

1774 

1775 

1776 

1777 

1778 

1779 
1 7 SO 
1781 
1 782 
1 783 
1784 
1 785 

1786 

1787 
1 788 

1789 

1790 
179*1 

1792 

1793 

1794 

1795 
1 796 
1797 


PURPOSE: PLAYING MUSIC AND NOISES 
NOTE: DURAT=0 WHEN CALLED 
OUTPUT: NONE 
♦MUSIC PROCESSOR* 

FETCH OPCODE 
IF (OPCODE < SOH) 

SET NOTE DURATION ETC 

ELSE 

SWITCH (OPCODE & OFOH) 

CASE 8oH: 

IF (MASK=S) STUFF SNDEX; PC-PC+9 
ELSE OUTPUT<MASK)=DATA 
CASE 90H: 

VOICES=DATA 
CASE AOH; 

<—SP)=DATA IN NIBBLE OF OP +1 
CASE BOH: 

SET VOLUMES = DATA, DATA 
CASE COH: 

SWITCH (MASK) 


CASE 9 
CASE D 
CASE 0 
CASE 3 
CASE DOH: CALL RELATIVE 
CASE EO: DURAT=DATA 


MPCL=(MSP ++)i MPCH=(MSP++); BREAK 
(—MSP)-MPCH; (—MSP)=MPCL 
IF — (SP)==0 THEN SP++ 

MPC=DATA16 




1 798 

; CASE FO: 

V0ICES=0, 

0514 

2ACF4F 

1799 

MUZCPU 

LD 

HL,(MUZPC) 

051 7 

D 1*2 ADO 4 F 

1800 

MUZCPI 

LD 

IX,(MUZSP) 

051 B 

7f: 

1801 

OPLOOP 

LD 

A,(HL) 

051C 

5 N " 

1802 


INC 

HL 

051D 

B7 

1803 


OR 

A 

05 IF 

FA5B05 

1804 


JF 

M, MOO 


LOOK LIKE NORMAL LOOP RETURN 
FETCH STACK POINTER 
OPCODE FETCH 
->GPERAND, DATA 
TEST FOR 8OH OR MORE 


1805 


NORMAL NOTE OPERATOR 
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or*?. i 

0524 

0527 

or;2A 

05?c 

or» 2 f-: 

0530 
0532 
0534 
0533 
0533 
053A 

i 

«.*. I 

ii*. |ii 

i >' .4 
0544 
0545 
0547 



251 ' 

A ri 4 F 

1306 

V.H44F 

1807 

o j |;308 

1808 

f r: 3F 

1809 

-:On? 

1810 

rno • 

18 J 1 

ooo5 

1812 

CB3F 

1813 

:<'02 

1314 

PDAS 

1315 

0004 

1316 

c r;3F 

1817 MSI: 

1 <L » t 

l 8 18 

1 I'M • 

i: \'-? 

' 1 1 

1. .5- o MSI" 

: :•.*/ 

1821 

; d 

1822 

\ 804 

1323 


i 


1524 NS2 


0548 

5 T> 

■ " 

1825 

O* ,4 ■"/ 

i ; J 5 

1826 

C *541: 

(7 

1827 MSS 

054 r 

C 

1328 

1329 i PLAY 

054 F 

8mU24F 

1830 


0551 03l6 
0553 80P34F 
0556 H : I 5 


1 S31 

1332 
1833 


0558 ' 

‘ i 405 

1 y J 4 

055p i 

: Vi 

1835 MOO: 

r*55n 

, 1 . ^ 1 

1 836 


» 

18:1/ i ST 

o*v ~.r ■ 

t ’ -1 

1 C’ ".'V 

050 1 

. - -8 

1839 

O r 

. . 

1840 

05 <4 • 

. i t ‘">1.^0 

1841 

05/7/ ! 

* .1 O: 

18 4 2 


i ■ i ■« > 

1343 

ooor i 

, < / 

18.-14 MODI: 

osod 1 

. • . .. 

1845 

05 OF 

i < 

1846 

0570 ( 

' i i,, •: 

1347 

057 ? 

: 

1348 

057 4 

- - *7 

1849 M01: 

0376 

J 

1850 

•,r 

l> i 1 t 

4 

1851 

0578 

D44F 

1852 

057 B 

! i: 

1853 

05711 

r i no 

1854 M02: 

057F 

7006 

1355 

058 1 

i i .. *F 

1856 

057*8 

f » 

M 

1857 

<■.*'.84 

* t 

1853 

r*585 

1: ;E 

1 859 

0587 

Mi «> 

1860 M03: 

0589 

.< •». . 

1861 



1862 i LOAD 

0581": 

t 8 *; 4F 

1863 

O'.xf 

1 i -i tU 

1864 

iVV'O 

1 0.3 > 

1 865 

05*7 / 

! :.:7 

1866 0PLP2 

o r ;*34 

.r-: 

1867 MO4 

0V"'6 

i it i :5O0 

1 868 

o c 7 / 9 

. • •* >A 

1 609 

059B 

f ih.* 8 

1 870 

05* >n 

7 : 

1871 

05'9f 


1872 

059F 

1: :P l 

1873 

05 A1 

r p no 

1374 MO40 

or. A ■ 



1 1* 

1 > i|| * 

I ;.n| 

18/6 M041 

< ** <« , 

l i ir' 

18/7 

«'* r ".r,9 

7 < *< 

1 8 / 8 

05 A F 

nri/.FOO 

1879 

U5AF_ 

0023 

1880 


LD 

LD 

LD 

SRL 

JR 

OUT I 
LD 
SRL 
JR 

OUT I 
LD 
SRL 
JR 

OU T I 

SRL 

JR 

DEC 

JR 

DEC 

INC 

JR 

OR 

JR 

NOTE 
LD 
OUT 
LD 
OUT 
JP 
CP 
JR 


(DURAT)iA 
A, (VOICES) 

DC/ 800H+SNDBX 
A 

NC# +4 

B/ 5 

A 

NC/ +4 

B/ 4 

A 

NC/M32-* 

A 

C/M83-* 

HL 

M83-$ 

B 

HL 

M815-* 

A 

NZ/M81-* 

A/(PVOLAB) 

(VOLAB)/A 
A/ < PVOLMC) 
(VOLC)/A 
MUZ999 
9 OH 

NC/MG1-* 


SET NOISE 


O VIBRATO 


SET VIBRATO 
-> NOTEC 
CHECK C/B/A 


CHECK IF INC PC WAS ON 
RESTORE PC 


STUFF PORT OR SOUND BLOCK 


BIT 
JR 
LD 
LD 
OTIR 
JR 
AND 
OR 
LD 
OUT I 
JR 
JR 
LD 
INC 
LD 
JR 
CP 
JR 
AND 
LD 
INC 
JR 
CP 
JR 

PVOLS 

LD 

LDI 

LDI 

JR 

JR 

DEC 

JR 

INC 

INC 

INC 

JR 

CP 

JR 

AND 

CP 

JR 

LD 

INC 


3/ A i 

Z/MG01-* 

A, B i 

BCj8*256+SNDBX 


GPLOGP—♦ 

7 

10H 
0/ A 

OPLOOP-* 
NZ/M02-* 

A/(HL) 

HL 

(VOICES)/A 

GPLOOP-* 

OBOH 

NC#M03-* 

OFH 

E/ A 

E 

M045-* 

OCOH 

NC/ M04—♦ 
DE/ PVOLAB 


GPLOGP-* 
NZ/M040—4 
(IX+O) 

NZ/M041-4 

IX 

HL 

HL 

0PLP2-4 

ODOH 

NC/ M05-4 

OFH 

9 

HI, M043-4 
L/(IX+O) 
IX 


IF (STUFF SNDBLK) 

SAVE B <VSN) 

i B=8/ C=S|MDBX 

HL->NEXT OPCODE WHEN DONE 

ISOLATE PORT NUMBER 
PORTS 10H-17H 
iET PORT REGISTER 


S 


GET NEW VOICES 


SET VOL ETC 


DONT CARE ABOUT BC 


DEC STACK TOP 


PC SP STUFF 

ISOLATE MASK 
RETURN 
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0580 

ruwr.oo 

i 33 i 

f 

LD 

H, < IX+O) 


05133 

nn23 

1882 


ING 

IX 


or.r:*;. 

1 : 4,1 B 

1 C* c - 4 

X v ♦',< 


JR 

GPLP2-* 


0M:7 

m 

1 884 

M043: 

LD 

E,(HL) 

% 

o 

r 

u 

OSPO 

A ** 

M * 

i 

f 

INC 

HL 


<Y\F:9 

r * 

, h • i ♦ 

1886 


LD 

D, <HL> 

; PCH= 

05BA 

*"V *> 

t . . • 

X 887 

i 

INC 

HL 


05 BF: 

Fli: 

1 888 


EX 

DE, HL 

* SET THE PC 

0515 C 

FF04 

1889 


CP 

4 

; IS IT A JMP? 

05BE 

.7: :H 2 

1390 


JR 

C, 0PLP2-* 

i IT IS 

05 ro 

nn; F; 

1391 

M044 

DEC 

IX 

i ITS A CALL 

r. r > / 

f ; - ‘ '-'AO 

1 392 


LD 

( IX+O),D 

; (—SP)=PCH 

tv .r *. 

I* 1 - 1: 

1 89 3 

MU 4 5 

DEC 

IX 


<V ,| 7 

! '1 > :Oi> 

1 834 


LD 

(IX+O),E 

i ( — SP)=PCL 

O'-i A 

t i - ■ i 

1 ’2“ 


JR 

GPLP2-* 


<v;r r 

r 1 ; o 

( ■ 

MO 5. 

CP 

OEOH 


f<5f F 

- i i 

1837 


JR 

NC, M06-* 


A' Th'' 

r ..i 

1 398 


AND 

QFH 


17:11 ;*■ 

< >. . - i» ♦ 

1 899 


LD 

B, 0 


OFfl 1 

ii 

3 900 


LD 

C, A 


0* >h r « 

t 

* • 

J 901 


LD 

D, H 


iY .IV, 

■ > i 

1902 


LD 

E.L 


A r .14 T 

4 1 

1903 

. 

ADD 

HL, BC 


r* r ,r < 

1 i 

1904 


JR 

M044r-* 

i CALL 

♦'• r *r»A 

. ''’ii 

1900 

MO 6 

JR 

NZ,M061-* 


<v,nr 

■7.4 >4F 

19 06 


LD 

A,(PRIOR) 

; LEGSTA 

r-'.nr 

f * . :0 

1 907 


XOR 

SON 


C'*~r j 

1 IF 

1908 


LD 

(PRIOR),A 


om4 

1 •.< 

1909 


JR 

GPLP2-* 


rr.f A 

1 » ■ > 

1910 

M061 

CP 

OFOH 

i REST VOICE (OR SUSTAIN) 

0’ 

. : . f 

1911 


JR 

Z,MUZSTP-$ 


O'YA 

>1 

1912 


LD 

A, <HL) 


(■MB 

; 1 AH' 

» '! 3 


LD 

( DURAT ), A 

i SET DURATION OF QUIET 

<v-,rF 

-■ 

l ° J 4 


INC 

HL 


r>nrr 

Af 

1 915 


XOR 

A 


<v;ro 

• . * 

| f , , . 

.19 16 


OUT 

< VOLAB ) ,A 


A*;r? 

1. . = ' , 

J 31 7 


OUT 

<VOLC),A 




1918 

i END OF 

MUZIC PROCESSOR 

( « f *1 1 

' ! H 

1 I 9 

MU 2999: 

LD 

(MUZPC), HL 

i SAVE THE PC 

iv .1 '/ 

('• I u >4F 

1 8.0 


LD 

< MUZSP) # IX 

i SAVE THE STACK POINTER 

cV.f {: 

1 

1 V 2 1 


RET 





IV 2 

i NAME 

MUZSTP 




1 ■■ 78 

; PURPOSE: 

STOP MUZCPU, 

SET PORTS TO 0 

omy 

,v 

1-/4 

MUZSTP: 

XOR 

A 


cv .r fi 

. » i4F- 

IvS 


LD 

< DURAT) * A 


l'«l .* <1 * 

■ ; -if 

1 326 


LD 

(PRIOR), A 


O/.i'i 

« ' i ■ :•'»£: 

1 92 7 


LD 

BC,800H+SNDBX 

<V 

f 0 ’ > 

X .■ «. „• 


OUT 

< C), A 


A/.i 

Mi 

1 929 


DJNZ 

-2 


0/0 A 

1 

193:0 


RET 





1 922 

i NAME; 

DO IT 




19 : 

{ PV*RPO 

8E: 

TRANSFER 

CONTROL TO USER STATE TRANSITION 



1 v 34 

, INPUT 


A =5 RETURN CODE FROM SENTRY ROUTINE 



1 938 


HL w 

DO IT TAELE 

ADDRESS 



1936 

i OUTPUT: 





1937 

• DESCRIPTION: THIS ROUTINE IS USED WITH THE SENTRY ROUT 



1938 


IT I 

S USED FOR DISPATCHING TO A STATE TRANSITION 



1939 


ROUTINE. THE RETURN CODE FROM SENTRY IS USED TO 



1940 


SEARCH THE DOIT 

TABLE. IF A MATCH IS FOUND, CONT 



1941 


TRAN 

SFERED. IF 

NO MATCH IS FOUND, THE ROUTINE RE 



1942 

J # 

THE 

DOIT TABLE IS MADE UP OF THREE BYTE ENTRYS. 



1943 


BYTE 

0 BIT 7: IF 

SET - DO A MCALL TO THIS HANDLER 



1944 


BYTE 

0 BIT 6; IF 

SET - DO A RCALL TO THIS HANDLER 



1945 


BYTE 

0 BITS 5-0: 

RETURNCODE THIS ROUTINE IS TO PR 



1946 


BYTE 

1 AND 2: THE ADDRESS TO TRANSFER TO. 



1947 


THE LIST IS TERMINATED BY A BYTE WHICH IS . GE. OC 

060F: ' 

* 1 

1948 

MBGITB 

LD 

A, B 


06Ar rr , 

1949 

MDOIT: 

PUSH 

DE 


iv-.on r 

1 / 

1950 


LD 

D, A 


06 or 

F 

1 95 1 

MDOITO: 

LD 

I> 

X 

r 

i GET RETURN CODE FOR THIS ENTR 

06or 

ir 

1952 


LD 

C, A 

; C = CURRENT ENTRY 

o/, 1 ■ ■ r 


1 953 


CP 

OCOH 

; LIST TERMINATOR? 

06 1 

* P 1 * * — 

1954 


JR 

C,MDOITl-$ 

i NO - JUMP 

001 * f 

1 | 

1 955 


POP 

DE 

; YES - RETURN 

06 1 r . « 

0 

\ 956 


RET 
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n 

061 

- -> 

1 957 

MD0IT1: 

INC 

HL 



061 •* 

I :F 

1 958 


AND 

3FH 



06 [ 

or, 

1959 


CP 

D 

i 

NORMAL MATCH? 

06 10 

> «4 

1960 


JR 

1, MD0IT2-* 

i 

JUMP IF SO 

06 1 - 


1961 

MD01A: 

INC 

HL 

i 

NO MATCH - SK 

06 J o 


1962 


INC 

HL 

i 

GO TO ADDRESS 

06 1 r 

! ! f 

1962: 


JR 

MDOITO-* 



062<» 

11 i 

1 964 

MDGIT2. 

POP 

DE 



062 1 

•4 

1 965 

MD0IT3; 

LD 

E, (HL) 

0 

DE = GOTO ADD 

062 .* 

■; 

1966 


INC 

HL 



062 ~ 


1967 


LD 

D, (HL) 



062 1 

1 I: 

1968 


EX 

DE) HL 



062 * * 

t f 

1969 


BIT 

7# C 

i 

MCALL? 

06/ ’ 

* 4 lOO 

1970 


JP 

NZ, MMCALL 

i 

JUMP IF SO 

062 ii 

i t \ 

l 97 1 


BIT 

6) C 

i 

RCALL? 

06/ 2 

( M >4 

1972 


JR 

NZ,MRCALL-* 



06 21 

Pi 

1 9 73 


POP 

DE 

i 

MUST BE JUMP 

0/34 

I : 

1974 


POP 

AF 



06 3> 

k • * 

1975 


PUSH 

HL 



o 6 •: 

i i 

1976 


EX 

DE) HL 





1977 

> RCALL 

ROUTINE 



o/- ; 

i 

1978 

MRCALL: 

JP 

(HL) 




« • . 


U»: :F6 
. :■ -1 -T 


1979 
1 930 
1981 

1 982 
198 3 

1984 

1985 

1986 

1987 

v: 

r ■: ;y 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

1997 

1998 

1999 

2000 
2001 
2002 
2008 

2004 

2005 

2006 
2007 
/ 008 
2009 • 
70 1 O 
7 0 J 1 
2012 
2018 

2 014 
20 J. 5 
2016 

2017 

2018 
2019 
20 20 

202 1 
7'* i"> '7 V 

A ~ «4,. H A— 

2023 

2024 

2025 

2026 
.i'tiV? 

V | VO 

7 f j “ V 

24 >30 
20 ;:l 


** ** ** *** ********* **** 
* VECTORING ROUTINES * 
## ****** *********** *** 
NAME; 


PURPOSE: 
INPUT: 

OUTPUT: 


VECTOR X AND Y COORDINATES 
UPDATE X f Y COORDINATES AND LIMIT CHECK 
IX = VECTOR PACKET 
HL = LIMITS TABLE 
C = TIME BASE USED 

NONZERO STATUS SET IF OBJECT MOVED 

NOTES: 

HUS ROUTINE WORKS WITH A •'VECTOR PACKETWHICH LOO 
** * * * * ** * * ***** * ****** ***** **** * 

*BYTE* CONTENTS * NAME * 
************************ <H * - ****’** 

* 00 * MAGIC REGISTER * VBMR * 

****** ** ** ** ************* ******* 

* 01 * VECTOR STATUS * VBSTAT * 

******************************** 

* 02 * TIME BASE * VBTIMB * 

««•* ******************* ********** 

* 03 * DELTA X * VBDXL * 

* 04 * * VBDXH * 

********************************** 

* 05 * X COORDINATE * VBXL * 

* 06 * * VBXH * 

******************************** 

* 07 * X CHECKS MASK * VBXCHK * 

* 08 * DELTA Y * VBDYL * 

* 09 * * VBDYH * 

******************************** 

* OA * Y COORDINATE * VBYL * 

* OB * * VBYH * 

*.##*.#.*#******* ****************** 

* oc * Y CHECKS MASK * VBYCHK * 
******************************** 

OPTIONS BYTE: 

BIT MEANING 


i 7 VECTOR IS ACTIVE 

i 

i CHECKS BYTE: 

; BIT MEANING 

, o DO LIMIT CHECKS 

, i REVERSE COORDINATES ON LIMIT ATTAINMENT 

; 3 TARGET ATTAINED (OUTPUT) ki ^ kl ,__ 

; IF THE VECTOR IS ACTIVE* AND THE TIME BASE I** NONZER 
; THEN THE UPDATE COORDINATE ROUTINE IS CALLED FOR THE X 
, AND Y PORTIONS OF THE PACKET. 

MVECT: SET PSNZRO. <IY+CBFLAG) ; SET ZERO FLAG 

E:IT VBSACT< (IX+VBSTAT) ; IS VECTOR ACTIVE? 
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n. ! 

2 

LD 

6. i . 

•'*.'00 2033 

LD 

i > • i 

• 06 .4)84 

LD 

6 43 i 

20 83 

RET 

o. 4 . * 

..* ■ ;6 

LD 

i >, 4 ’ * - ■ 

7 < * 87 

AND 

< ». \ : : i 

‘ 7« * 

RET 

6. .4 1 1 i- 

’ 2<*8V 

LD 

0/4* |J 

• •’ 2m 40 

ADD 


IV if' 
o, *. i 

i #«>■! 


« ! • .. .< j/. 
t I • •’ /iu 

i*r • j •* 


2<*4 1 

2042 

2043 

2044 
704 5 
7<»46 
204/ 

2048 

2049 

2050 

2051 

2052 

2053 

2054 


C#<IX+VBTIMB) 

<IX+VBTIMB)# 0 
(IY+CBC)# C # 

Z 

A# C 

A ; 

Z # 

DE,VBDXL ; 

IX, DE 
CALL MVECTC ; 

LD DE#VBDYL-VBDXL 

ADD IX#DE 

AND FALL INTO . . . 

NAME; 


258 

TIME BASE TO C 
ZERO TIME BASE 
PASS BACK TIME BASE 


IS TIME BASE ZERO? 

QUIT IF SO 
ADVANCE TO FIRST 

UPDATE FIRST COORDINATE 
; TO Y 


PURPOSE: 
INPUT: 


OUTPUT: 


065A F5 
0657 D05601 
065A DD5F00 
0650 006603 
066*4 | in ACT 02 
0663 ■ r 
06A4 4 t 
066*" I v 
06 6a lorn 


) A /. 


Vi 
066" 
0661 


Pi 

"304 

r Hi B0SB6 


066F nor 00446 
067" 381 

0675 -i 
067/. F . 

0677 I.. 

067’": . 8 


2056 

2057 

2058 

2059 

2060 
2061 
2062 

2063 

2064 

2065 

2066 

2067 

2068 

2069 

2070 

2071 

2072 

2073 

2074 

2075 

2076 

2077 

2078 

2079 

2080 


VECTOR COORDINATE 
UPDATE Of SINGLE COORDINATE 
IX - POINTER TO L. 0. DELTA BYTE OF VECTOR 
C = TIME BASE 

HL = LIMITS PACKET (IF USED) 

NONZERO STATUS SET IF MOTION OCCUREO 

# (SHOULD BE SET ON CALL# SINCE IT IS NOT S 

# NOTES: 

# THIS ROUTINE OPERATES ON A SUBSET OF THE VECTOR PACK 

# (BETWEEN L. 0. DELTA BYTE AND CHECKS BYTE). 

# THE DELTA IS ADDED TO THE COORDINATE TIME-BASE TIMES 
i IF OPTIONED# LIMIT CHECKING IS DONE. IF THE CHECK FAI 

# THE COORDINATE IS SET TO THE LIMIT. 

J WHEN THIS HAPPENS# THE LIMIT ATTAINED BIT IS SET 
MVECTC: PUSH HL 

LOAD DELTA 


I4VECT1 


LD 

LD 

L.D 

LD 

LD 

LD 

ADD 


D# (IX+VBDCH) 

E# (IX+VBDCL) 

H# <IX+VBCH) 

L# <IX+VBCL) 

A# H 
B# C 
HL# DE 

OJNZ MVECT1-$ 

; HAS MOTION GCCURED? 

CP H 

JR Z#MVCT1A-* 

RES PSWZRO# (IY+CBFLAG) 
# IS LIMIT CHECK WANTED? 
MVCT1A: BIT VBCLMT,(IX+VBCCHK> 


LOAD COORDINATE 

SAVE OLD COORDINATE FOR MOT10 

ADD DELTA TO COORD 
TIME-BASE TIMES 


JUMP TO SKIP TESTS IF SO 
SET MOVED STATUS 


JR 

Z# MVECT6-$ 

# MVECT6 IF NOT 

ORM 

LIMIT CHECK 


LD 

A# H 


EX 

<SP)# HL 


LD 

B, (HL) 

# LIMIT TO B 

INC 

HL 



0679 

f f -T F 

2081 

CP 

207 

067P: 

8* >07 

2082 

JR 

NC# MVECT2-* 

067n 

f: 

7083 

CP 

B 

067r 

8:804 

7084 

JR 

C# MVECT2-* 

0680 

46 

2085 

LD 

B# (HL) 

068 1 

18:8 

2086 

CP 

B 

068 ‘ 

: /O 

2087 

JR 

C# MVECT3-* 

068 1 

• « 

7 088 

MVECT2: ‘ INC 

HL 



2083 

; A LIMIT WAS EXCEEDED - 


MIDPOINT BETWEEN 160 AND 0 
JUMP TO FAIL IF >207 
DO COMPARE 
JUMP ON FAIL 
UPPER LIMIT CHECK 

JUMP ON PASS 


0685 HW.o: 
06'8- ■ lil* 

060*' r»h» J:04hf 

0696 f i 

06*71 !,|.j l:044f 

06‘7* * : : 


2090 

7091 

7092 
7« *93 
.>094 
7095 

2096 

2097 


LD (IX+VBCH)# B 
LD (IX+VBCL)#0 
SET VBCLAT, <IX+VBCCHK) 

IS REVERSE DELTA OPTION SET? 

POP AF ; CLEAN UP STACK 

BIT VBCREV, (IX +VBCCHK) 

PET Z j QUIT IF NOT 

REVERSE THE BIMBO 


SET LIMIT ATTAINED 


069/ 

*(% 

2098 

LD 

A# D 

0,8*7 * 

. 1 

2099 

CPL 


06'•>:: 

1 ‘ 0 
• t 

2 100 

LD 

D# A 

069> 

/I: 

2101 

LD 

A# E 

i ** •’ ,1 

.4 

2 1 07 

CPL 


* •< 1 

* .1 

." 1 0.8 

LD 

E# A 

i *. .• ■i 

1 

.* 1 u4 

INC 

HE 

1»/.' r\ » 

hh / .i M * 

7 1 *>5 

LD 

<IX+VBDCL).E i 

<76 AO 

nrir.Toi 

2106 

LD 

(IX+VBDCH).D 


STORE BACK 
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t 


OoA'j* L-V 
t >6 A 4 /* > 

06 AT- F8 
0/./V-. !»ii/ r iO?. 
OAAv I *1 ■ ‘103: 
OA t V f 1 
O6A0 niH B049E 
0601 CV 


06 B / 

OF 

061:3 

i D4F0B 

06B6 

r b 

06157 

Ctf 4 

06159 

030C 


06BP FD' FOv 

0611 

■ 

o/.nr ' 

•i 

o/f • ■ * 

•F 

Or.*' • ' 

. . :Y 

061 


OAf 1 ’ 

i " ' 

06» 1 

♦ f 

1 « 

o/.r / 

■■ . .7 

O/ f : 

:i r i 

061 * • 

r 61 20o 

06C 1 < 

1 . -F- 6 

O/.r i 

9 «“ 1 

06D* ’ 

' . .< « *v 

0611. 

■' 

06D : 

11 

06 lit 

1 ,1 

06T* 1 ■ 

■ 'l* 

06D* 

. ; :t . 

06D: 

. .1 

O/.r**' 


06DA 

i . .r 0 

061 <i 

* l / 

06nr 

t fsV 206 

o/.r i 

61 


o/,r. \ ’• 


o6r 

4 

oai . 

, i i >r 

o/.r ' 

.» r 4F : 

061 • • 

i? 

ivr i 

■ i 

o/.r * 

■ it 

O/.F 1 

, A 

OAf « 

• 

■ .» 

O/.f I 

9 t 

061 '" 

’ r * 

<• i l 

i . . 

• • 1 : 

. I 

»\ 1 


!•/ r r . 

i F Oi) 

O/.F 7 

67 

06FS 

1 OF 1 

O/.FA 

Cl 

o/.r b 

FI 

r*. 1 • ' 

« * 

oaf n 

i ■' 
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21 u7 

RET 

2 108 

MVECT3: INC 1 

2109 

EX 

21 10 

MVECT6: LD 

2111 

LD 

2112 

PDF’ 1 

2113 

RES ' 

2114 

RET 

- 1 1 A 

, IMHHHHHHHHHF 

7 11/ 

, * PAINT rec 

/ l l 8 

; «»K« ******* 

2 11 9 

; NAME: 

2120 

, INPUT: 


< SP), HL 
( IX+VBCL ) , L 
(IX+VBCH)* H 


STEP PAST LIMIT 

HL - COORDINATE AGAIN 

STORE BACK COORDINATE 


S 


U| i RESTORE LIMITS POINTER 

VBCLAT,(IX+VBCCMK) i CLEAR ATTAINED BIT 


PAINT RECTANGLE 

. < a x. « > * 


121 


>123 

2124 

2125 
3' 126 
2127 
2123 

2129 

2130 

2131 
2 132 
2133 
2 134 
2 135 
21 36 
2 137 
7138 
2 1 39 
2.140 
? 1 41 

2142 

2143 

2144 

2145 

2146 
2 1 47 
2 148 
2 1 49 
2 1 50 
2151 
2 152 

2153 

2154 
2 155 
2156 
2 157 
2 158 
2159 
2 160 
2 1 61 
/ 1 o/ 

2 \ 63 

: 164 

2 I 65 
2 166 

2167 
2 1 63 
2 1 69 
2 170 
21 71 
7172 
7 1/': 
2 J /4 
21 75 

2176 

2177 
* 2178 

2179 

2180 
2181 


MPA INT 


A = 
B « 
C - 
D * 
E = 

XOR A 
CALL RELTA1 
EX 
SET 
OUT 
XOR 


COLOR MASK TO WRITE 

Y SIZE 
X SIZE 

Y COORDINATE 
X COORDINATE 


DE, HL 
6; H ' 

(MAGIC),A 
A 

(URINAL),A 
E,(IY+CBA) 

A, C 


MPT 1 


LD 
LD 
LD 

RRCA 
RRCA 
AND 
INC 
LD 
DEC 
JR 
LD 

CALL STRIPE 


UNMAGIC THE G** D*** ADDR 
, PRIME THE SOB 


3FH 

A 

D, A 
D 

Z,MPT2-* 
A,OFFH 


mpt; 


MF*T3: 


JR 

LD 

AND 

INC 

LD 

XOR 

DEC 

JR 

RRCA 
RRCA 
ADD 
JR 


MPT1-* 

Aj C 
03H 
A 

C, A 

A 

C 

Z,MPT4-* 


A,11000000B 
MPT3-* 

MPT4: CALL STRIPE 

XOR A 

i AND FALL INTO . . 
i STRIPE PAINTER 

_ j- h- t’ f. c 


, OUT 

HL-HL+1 

A = CLOBBERED 

STRIFE 

. PUSH 

HL 


PUSH 

BC 


LD 

(URINAL),A 


LD 

A,(URINAL+4000H) 


LD 

C» A 

STRF1: 

LD 

A# E 


XOR 

(HL) 


AND 

C 


XOR 

(HL) 


LD 

< HL),A 


LD 

A, L 


ADD 

Ar BYTEPL 


LH 

L, A 


LD 

A» H 


ADC 

A, 0 


LD 

H, A 


. DJNZ 

STRPI-* 


POP 

BC 


POF 

HL 


INC 

RET 

HL 
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% 7 1 0 

, « it# itti-il fe-4 


1: :4 

; « W1\ 1 (i 


y | . 

, ii -li -tt tt k it i 


2186 

, NOTES: 


2187 

, 1NPUT: 


2188 

t 

i 


2189 

i 


2190 

i 


2191 

i 


21 92 

A 


2193 

i OUTPUT: 


2194 

i 


2195 

i 


2196 

i ENTRY: 


2197 

i INPUT; 


2198 

i 


2199 

t OUTPUT: 


2200 

i SIDE EFF 

06FI . ;l»y* r OO 

2201 

MVWRIT: Lp 

070i fiii r ;.-.oB 

2202 

LD 

070*'i r.rr.r-OG 

2203 

LD 

070 y onr.DO.tf 

: 6 2204 

SET 


2205 

, ENTRY: 


2206 

, PURPOSE: 


2207 

, INPUT: 


2203 

i OUTPUT; 


2209 

; NOTES: 


221 0 


0701:* r •••. 

2211 

HWRI TR: PUS! 

0701" T 

y y i 7 

LD 

070r* . : 

2213 

INC 

070F 

2214 

ADD 

070) !'.r 

2215 

LD 

0710 T 

2216 

LD 

07I1 ; : 

2217 

INC 

0717 

2218 

ADD 

0710 * . y • 

2219 

LD 

0714 r1 

2220 

POP 


2221 

; ENTRY: 


2222 

; PURPOSE: 


2223 

; INPUT: 


2224 

i OUTPUT: 


22 25 

; NOTES: 


ROUTINES # 

*#**#***«•* 

THE GENERAL CALLING SEQUENCE FOR THE WRI 
HL * PATTERN ADDRESS 
D a Y COORDINATE 
E = X COORDINATE 
B a Y SIZE 
C = X SIZE 
A = MAG|C REGISTER 
DE = SCREEN ADDRESS USED 

THESE ROUTINES ARE NESTED, FOR EXAMPLE 
WRITP, WHICH FALLS INTO WRIT, WHICH FALL 
WRITE FROM VECTOR 
HL = PATTERN ADDRESS 
IX = VECTOR ADDRESS 
DE, A 

SIDE EFFECTS; BLANK BIT SET IN VECTOR STATUS BYTE 


MR 

Y 

X 

SET BLANK BIT 


A,<IX+VBMR) ; LOAD 

D, <IX+VBYH) i LOAD 

E, (IX+vfeXH) i LOAD 
VBBLNKj (IX+VBSTAT) i 

WRITE RELATIVE 
WRITING RELATIVE PATTERNS 
HL, DE, A 
DE 

PATTERN IS PRECEEDED EY RELATIVE DISPLAC 
<X FIRST, THEN Y) AND PATTERN SIZE 

SAVE MR 
GET REL X 


ADD TO SUPERIOR X 
SAME STORY FOR Y 


07 r 

07 \ r 
071 
07 1: 


U 


2226 

2227 

22 28 
22.29 
2230 

-t* < 

*■ ■ -- -■ i 

22.32 


MWRITP; LD 
INC 
LD 
INC 

i ENTRY: 

, INPUT; 




2 JL 3 3 

i OUTPUT: 

DE 

071 v 

- i hi . ,0A 

3 2-34 

-7 

s\ 'J J 

2236 

2237 

MWRIT: CALL 

i ENTRY: 
i INPUT: 

* 

MRELAB 

WRITE A 
HL, BC, A 
DE = AB: 

071 r 

f C/7 

22? 8 

MWRITA: BIT 

MRFLOP,A 

* 1 , 11 

. n. i 

72 39 

JR 

NZ, MWRTFL-* 

«» / o 

* 1*4 

2 240 

BIT 

MRXPND, A 

/ 

.'«*! 1 

2241 

2242 

JR NZ.MWX-* 

i BO NORMAL? WRITE 

0724 

AF 

2243 

XOR 

A 

0725 

C5 

2244 

MWRT: PUSH 

BC 

0726 

D5 

2245 

•PUSH 

DE 

0727 

47 

2246 

LD 

B> A 

0728 

FI 4:0 

2247 

LDIR 


072A 

1 / 

2248 

LD 

(DE),A 

072V. 

ni 

2249 

POP 

DE 

072C 

r f: 

22^0 

EX 

DE, HL 

0720 

OF 28 

2251 

LD 

C. SVTEPL 

072F 

0*7 

2252 

ADD 

HL, BC 

0730 

FC 

2253 

EX 

DE, HL 

07 31 

f 1 

2254 

POP 

BC 

O” 7 

1 ■ p ♦ #. 

1 •' ! 1 

2255 

DJNZ 

MWRT-* 

0 ' 1 

i 

• 

2256 

2257 

RET 

; WRITE EXPANDED 


AF 

A,(HL) 

HL 
A, E 
E, A 
A, <HL) 

HL 

A, D 
D, A 
AF 

WRITE WITH PATTERN SIZE SCARE-UP 
WRITING VARIABLE SIZED PATTERNS 
HL, DE, A 
DE 

FIRST TWO BYTES POINTED AT BY HL ARE TAK 
TO BE PATTERN SIZES (X SIZE FIRST) 

C, (HL) i GET X SIZE 

HL 

B, (HL) i AND Y 

HL 

WRITE WITH COORDINATE CONVERSION 
HL, DE, BC, A 

i DO CONVERSION 


FLOP WRITE WANTED? 
MWRTFL IF SO 
EXPAND WANTED? 

JUMP IF Sp 


i 

i 

i 


ZERO REGISTER B 
WRITE A LINE 
FLUSH THE SHIFTER 


; ADVANCE TO NEXT LINE 


LOOP IF MORE GOODIES 
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i \ 

' i , 

.1 
11 
f 


< • 
f, 

r» 
o 
0 
<**’ 
r* 

<* 
r> 

(V 

I'f"' :: 

07 1 l 
(*) 1 ■ 
O 1 
07 ( 4 

0 •’ r. 
<v/ l/ 

07 1": 
0 6V' 
0 ’ 11: 

07 1‘ 
07 1! 
O' * 
O'*. 1 

r* 

07’ * : 
O 1 .1 


I I , i. * 


II. / 
O 

O *’ ■!: 
n ■! 
O’ 1 .1i 
07 r -1 
07 ' O 
07/. I 
07/. 7 
O'*. : 


k « 
I 


i; i 


i * * f 

6 1 
i * 

I <“ 

-I ’ 

l : ... • 

!: 
i 

I ,/ - 107 

t 

lu 
1 I 
«0 . 

4 «■ 

I J 
• 1 
I Of! 


*. ... 


22 >9 
2200 
2261 
,*;t ^ 11 ^ 

2 2 03 
2 7 c* 4 

2265 

2266 


767 


MWX: 

MWX1: 


MWX2: 


EX DE,HL 
PUSH BC 
PUSH HL 


LD 

LD 

INC 

LD 

INC 

LD 

INC 


B, C 
A,(DE) 
DE 

(HL),A 
HL 

(HL), A 
HL 


2269 

2270 
v ; v | 

* „ A — ' 4, 
H '« ■ J * ' 

2273 

2274 

7' 77 

2276 

2277 
227 S 
2279 
2230 

'“/'/O 1 


./ ' / X / 

A- A ». 


2234 


*7 "7 

i,j v ♦ 


4 ' # 

a/. 

2737 

■*> 

*1 W- ♦-» > ,< 

2239 
22 90 

2 °->t 

2292 

2293 

2294 

2295 
2796 

V -* 'j / 
» * ■ f 

' ! 


DJNZ MWX2-* 

LD (HL), B 
INC HL 
LD < HL)* B 
POP HL 
LD C, BYTEPL 
ADD HL,BC 
POP BC 
DJNZ MWX1-* 

RET 

; ROUTINE TO HANDLE FLOPPED CASE 
MWRTFL: BIT MRXPND,A 
JR NZ,MWXF-* 

XOR A 

WRFL1: PUSH BC 
PUSH DE 
B, A 


, 

i 


EXPANDED FLOPPED WRITE WANTED 
JUMP IF YEP 


WRFL 


LD 

LDI 

DEC 

DEC 

JP 

LD 

POP 

EX 

LD 

ADD 

EX 

POP 


DE 
DE 

PE,WRFL2 
< DE), A i 

DE 

DE, HL i 

C, BYTEPL 
HL, BC 
DE, HL 
BC 

DJNZ WRFL1-* 

RET 

WRITE EXPANDED FLOPPED ROUTINE 


FLUSHETH 

SAME AS NORMAL NOW ON 


0766 

rr> 

2299 

MWXF: 

EX 

DE, HL 

0767 

C5 

2300 

MWXF1: 

PUSH 

BC 

0763 

E5 

2301 


PUSH 

HL 

0769 

41 

2302 

9 

LD 

B, C 

076A 

IA 

2303 

MWXF2: 

LD 

A, <DE) 

0761: 

13 

2304 


INC 

DE 

076r 

7 7 

2305 


LD 

(HL),A 

07 / ri 

7 n 

2306 


DEC 

HL 

076f 

77 

2307 


LD 

(HL),A 

076F 

7B 

2303 


DEC 

HL 

0770 

lOFS 

2309 


DJNZ 

MWXF2-* 

0777 

7 1 < 

2310 


LD 

(HL),B 

077 3 

ID 

2311 


DEC 

HL 

077 1 

t t 

2312 


LD 

(HL),B 

077' 

» 

i 1 

2313 


POP 

HL 

r«~* 

■ 1 . : : 

2314 


LD 

C,BYTEPL 

f .|-. . 

• • 

7315 


ADD 

HL, BC 

07'* * 

< i 

7 316 


PGF 

BC 

07'6 

’ 1 1 

2317 


DJNZ 

MWXF1-* 

07*. 

■ 

2313 


RET 




2319 

, NAME 


BLANK FROM VECTOR 



2320 

, PURPOSE: 

BLANK WITH INFO LOAD FROM VECTOR 



V. •- .* 1 

, INPUT: 

IX = VECTOR 



2322 

i 


E = X SIZE 



2323 

i 


D = Y SIZE h ‘' 



7324 

A. V 1 » 

i NOTES: 

THIS ROUTINE BLANKS TO 00 



2325 

j 


THIS ROUTINE INTERROGATES THE BLANK BIT 



2326 

i 


AND REFRAINS FROM BLANKfNG IF NOT SET 



2327 

i 


IF IT WAS SET, IT IS THEN RESET 

07/1 

..... J .i * t 76 

.•*. 323 

MVBLAN: 

BIT 

VBBLNK,(IX+VBSTAT) i IS BLANK BIT SET? 

07/ 1 

. 

2329 


RET 

Z i QUIT IF NOT 

073 

oi«i 1 :i i J B6 

2330 


RES 

VBBLNK,(IX+VBSTAT) i KILL BLANK BIT 

073. 

m .or 

2331 


LD 

H,(IX+VBOAH) i LOAD BLANK ADDRESS 

07/ 

: « ■ roo 

7 332 


LD 

L, <IX+VBOAL) 
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070* 

2 

14 it 00076 2333* 

07— 

1 •/; 

o 4 

07 *\ 

! 


07* 

: ! 0-11 

*7 > 'jA 

07 * r 

> i 

o •-* :• / 

07— 

. :i 

■"V “* * j o 

f>7 : 7 

’ . •< .i r 

2339 

07— 


2840 

2341 

07 V 


7 842 

07 — . 

* i i 1 

7 343 

07- 

" 1 11 1 

2 344 

2345 

7 346 
2347 
2343 

2349 

2350 

07*~'r 

"T . 

2 351 

O70<» 

• j 

2352 

070 1 

4F 

2353 

0/0/ 

t, , 

/ < ■ 

2:54 

070 : 

4 : 

■/ .*« 

4 , H • _ • 1 

0704 

77 

C* 

0705 

■*/ 

2357 

07A6 

1OFC 

2358 

07A3 

09 

2359 

07A9 

15 

2360 

07AA* 

?or 7 

2361 

07 AC 

r-v 

2362 

2363 

4 


2364 

2365 

2366 

07AD 

EB 

2367 

07AF 

4E 

2368 

070F 

9 1 

1 \ ’ 

2369 

0700 

1/. 

2370 

o-ni 

7 

“/ “■ 7 | 

070/ 

r i ; : 

v 7 


0704 

Ml 

2-3 /:*! 

O’rr, 

»' 

2374 

X* . 

■W 
♦ • 

1 

►- 

1 

V- 

r/ 

23/5 

0707 

i ■ 

2376 

O'M'::": 

n ir.o 

2377 

0700 

F ’ . 

2378 

0 or: 

1 , 

23/9 

0‘T:r , 

i it * 

2380 

07F:F ' 

( V- • 

2381 


nvnr r>: 
o/co f * 

C*“T-1 I “f 

071 r 


2382 

2383 

2384 

2385 
2387 


■« *"» ij 


f «»►»# 

* *i ,» / 

2390 

2391 
2392' 

2393 

2394 

2395 

2396 

2397 

2398 

2399 

2400 


BIT 

JR 

LD 

NEG 

INC 

LB 

LD 

ADD 


266 

MRFLOP,(IX+VBMR) i IS FLOP SET? 
Z,MVBLA1-S ; JUMP IF NOT 
A, E j X SIZE TO A 

i TWOS COMPLEMENT AND ADD 1 
A 

C, A 


B, OFFH 

HL# BC ; 

i UNMAGIC THE BLANK ADDRESS 
MVBLA1: 

SET 6* H 

LD B# 0 } 

i NAME: 

; PURPOSE: 

; INPUT: 


USE TO BACK UP SCREEN ADDRESS 


MBLANK: LD 
SUB 
LD 
LD 

MBLAN1; LD 
MBLAN2: LD 
INC 


BLANK AREA 
SETTING N X 
HL = BLANK ADDRESS 
E » X SIZE 
D * Y SIZE 

B = DATA TO FILL WITH 


ASSUME BLANK TO ZERO 
M REGION TO CONSTANT 


A,BYTEPL 
E 


C# A 

A, B 

B, E 
(HL), A 
HL 

DJNZ MBLAN2-* 
ADD HL, BC 
D 

NZ#MBLAN1-* 


COMPUTE LINE INCEMENT 


A = DATA TO FILL WITH 


DEC 

JR 

RET 


# NAME: 

i INPUT: 

* 

i NOTE: 
MREST: 


MREST1 


EX 
LD 
INC 
LD 
INC 
SET 
XOR 
PUSH BC 
PUSH DE 
LD B, A 
LDIR 
EX 
POP 
LD 
ADD 
EX 
POP 


RESTORE AREA 

HL « SCREEN ADDRESS TO RESTORE TO 
DE = SAVE AREA ADDRESS 
SIZES ARE LOADED FROM THE SAVE AREA 
DE, HL 
C,(HL) 

HL 

B, (HL) 

HL 
6, D 
A 


MAKE SURE WE ARE NONMAGIC 


i 

♦ 

, 


DE, HL 
HL 

C.BYTEPL 
HL, BC 
BE, HL 
BC 

DJNZ MREST1-* 

RET _ 

* CHARACTER DISPLAY ROUTINES # 

**#***##«**#**#*** # * ## * #### , ## 
NAME: 

PURPOSE: . 

INPUT: 


OUTPUT: 
STACK USE: 


07C4 

7F 

2401 

2402 

i A NULL STRING IS HAN 
STRNEW: LD A, (HL1 

07C5 

A7 

2403 

AND 

A 

07f:/. 

CP, 

2404 

RET 

Z 

07C7 

r ,V F07 

2405 

JP 

M,STRD1 

o/l .,. 

i f <1*1 

2406 

CP 

64H 

07C.I' 

07i"F 

:( 

r rj i 07 

2407 

JR 

NC,STR02-* 

2408 

STRD1: CALL 

DISPCH 


DISPLAY STRING 
MESSAGE DISPLAY 
E,D - X, Y COORDINATES 
HL * STRING ADDRESS 
IX = FONT DESCRIPTOR 
D,E ALTERED AS IN DISPLAY CHARACTER 
4 BYTES (EXCLUDING USE BY SYSPCH) 
EXPLANATION: AS EACH CHARACTER IS BROUGHT IN, IT 
IS TESTED FOR BEING A LIST TERMINATOR < CHAR * 0) 
IF IT ISN'T, DISPLAY CHARACTER IS CALLED AND THE 


GET CHARACTER 
BE IT A TERMINATOR? 
QUIT IF SO 
DISPLAY IF ALT FONT 
SUCK IN STRING? 

JUMP IF YES 
SHOW CHAR 
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:) 


07 n i 

o/o: 

070 ^ r,. 
07T*S v 
070' •• 

070:': t L 
070*' 

070* • T '• 

0701’ »:-:r 


i 1 •»•<: 
, » 


i.MJ 

OO 


2409 
2 410 

2411 

2412 

2413 
24 14 

2415 

2416 

2417 
7418 

2419 

2420 

2421 

2422 

2423 

2424 

2425 

2426 

2427 

2428 


INC HL 
JR STRNEW-* 

STRD2: AND 1011IB 

ld b> a 

INC HL 
EX DEiHL 
CALL MSUCK1 
CALL RELD 
JR STRNEW—$ 

i fr**************************** 

’ * CHARACTER DISPLAY ROUTINE * 

. x**************************** 

i INPUT: 


268 

ADVANCE TO NEXT CHAR 

AND LOOP 
MAKE SUCK MASK 


GO AFTER NEXT'CHARACTER 


OUTPUT 

NOTES: 


7 129 

2430 

i 

BIT:! 



2431 

# 

0-1 

2432 

i 

2-3 

7433 

i 

4 

2434 

i 

5 

7435 

i 

6-7 


A = CHARACTER 
C = OPTIONS 
D = Y COORDINATE 
E = X COORDINATE 
IX = FONT DESCRIPTOR 
(ONLY IF ALTERNATE FONT USED) 

DE UPDATED TO POINT AT NEXT CHARACTER FRA 
THE OPTION BYTE IS FORMATTED AS FOLLOWS: 

CONTENTS 


24.36 
♦ 2487 
2488 
24 39 

'7440 

2441 

2442 
7448 

. .114 
24 45 

2446 

2447 

2443 

2449 

2450 

7451 

7452 

2453 

2454 

2455 

2456 

2457 


OFF COLOR FOR EXPANSION 
ON COLOR FOR EXPANSION 
OR OPTION 
XOR OPTION 

ENLARGEMENT FACTOR <N+1)X 

CHARACTERS BETWEEN 1 AND 1™, AND BE ™^ N r | ( 1 i^ Fr A ^° 9FH 
ARE INTERPRETED AS TAB CHARACTER*. THEY CAUSE THE 

CURSOR REPRESENTED BY D AND E TO BE SPACED 0VER N 
ruACffiTTPR POSITIONS* WHERE N = CHAR. AND. 7FH 
CHARACTER 0 BETWEEN 20H AND 7FH ARE TAKEN AS REFERENCES 

STANDARD 5 X 7 CHARACTER FONT. CHARACTERS 
BETwIeN OAOH AND OFFH REFER TO THE USER SUPPLIED ALTERN 
i HAKiVcrtR FONT. THIS FONT IS DESCRIBED BY A FONT 
DESCRIPTOR FABLE OF THE FOLLOWING FORMAT: 

****************************** 

* 0 * BASE CHARACTER VALUE * 

****************************** 

* 1 * X FRAME SIZE * 

****************************** 

« 2 * Y FRAME SIZE * 

****************************** 

* 3 * X PATTERN SIZE (BYTES) * 

****************************** 

* 4 * Y PATTERN SIZE * 

****************************** 

* 5 * PATTERN TABLE * 

* 


cr* r | 


2458 
3459 
74 60 

; * 6 * ADDRESS 

D1SPCH: PUSH BC 

f* "F: 

< • T 


461 

PUSH 

HL 

V 

i 

2 162 

PUSH 

IX 

.-.*t r_ . , 

* 

2463 

AND 

A 

(VfV. 

pr/f n i 

no v 

2464 

JP 

Mi DISCH1 ; - 

1 0<s02 

7 465 

LD 

IXi SYSFNT 

• « 

‘2 4 66 

DISCH1: CP 

20H i 

•-> ’ff 

i.~T 1 5 

• -li 

2 467 

JR 

NCiDISClB-* i 


2463 

DISCIA: PUSH 

AF 

o 8-: 

♦*'*F r < : 

■ • f * 

7.469 

CALL 

NXTFRM 

. «.♦ »i i 

2470 

CALL 

FINDL3 i 

- -*• r* - »•*■< 

1 


2471 

PGP 

AF 

<v*r’ 


7472 

DEC 

A 

c* ’r/ 

/.-.•p r 

* ■ ■ 

• * 

2473 

JR 

NZi D1SC1A-* 

\ . 

2474 

JR 

DISCH5-* '» 

.--rr 

• . .00 

2475 

DISC1B: SUB 

(IX+FTBASE) i 

r*f:0) 


2476 

LD 

Ei A 

(i:~j’'7 i 

■O 

2477 

LD 

Di 0 

iV:t i4 
0:607 
060A ' • • 

\» >oo 

2478 

LD 

HLi 0 

li;o8 

2479 

LD 

Ci(IX+FTBYTE) i 

. 1 0 04 

2480 

DISCH2: LD 

B« (IX+FTYSIZ) ; 

0:80 P 


24 31 

DISCH3: ADD 

HL# DE 


i fl 

2432 

DJNZ 

DISCH3-* 

0:610 ■ ■ ■ 

. 

2 4 6 

DEC 

C 


JUMP IF YES 

IS CHAR < 20H? 

JUMP IF NOT 

LOOP TO SPACE OVER 

STORE IT BACK 


JUMP TO EXIT 
SUBTRACT BASE CHAR 


MULTIPLY CHARApTER 
BY PATTERN SIZE 
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09 11 v / 
( ' :; l • I ’ ■- .06 

1 * l *'• " *' •( <'»*■» 

09 | ~f 


£69 

2484 

2485 
•* 466 
*497 

/ !-J ; 

24 39 


08 1 A 

' * 'i i *9 

.V'*0 

< -81 n 

1 > 

74 >i 

■V:ir 

1 : .04 

74 92 

09.? t 

1 , 

7 4 93 

<•9/7 

i ' . 

2494 

‘ *82 

i 3 * 1 '08 

249S 

o82/. 

1 1 

2496 

08?7 

1*1 '|f--09 

? 4 9 / 

08/ A 

» • . 

2493 

082 B 

« 1 

2499 

08 :*T 

( l ' v {-05 

2*. .00 

08:;4 

:: 1 

2! .(> 1 

(*:: :n 

1 H//05 

250 2 

0883 

1 OFC 

2503 

0335 

01 

2504 

0836 

C0F40C 

2505 

0339 

DDE! 

2506 

083B 

Ft 

2507 

0838 

r t 

2508 

033n 

09 

2509 

083F 

FP7E06 

2510 

2511 

2512 

2513 

0841 

07 

2514 

0842 

97 

2515 

0343 

FA 03 

2516 

0845 

*A ‘ 

2517 

084. 

1 7 

2518 

0847 

>r 

7519 

r, 84 8 

*\ r i 

2520 

0849 : 

4 

2521 

094A 

! OF D 

2522 

0948 . 

: 7 

9 

0840 i 

* *' \ 

V- 

2524 


JR NZ,DISCH2-* 

LD D* (IX+FTPTH) ; ADD TO TABLE START 
LD E* (IX+FTPTL) 

ADD HL* DE 

; COMPUTE POSITION WHERE NEXT CHARACTER WOULD GO 
* AND SAVE 

CALL NXTFRM 
PUSH DE 

LD B* <IX+FTYSIZ) 

DISCH4: PUSH BC 
PUSH HL 
CALL WRTLIN 
POP HL 

C, <IX+FTBYTE) 

HL* BC 


STEP COORDINATES TO NEXT FRAh 
SAVE 


LD 

ADD 

POP 

LD 

ADD 

LD 


STEP TO NEXT LINE OF PATTERN 


BC 

A* <IY+CBD) 

A* C 

< IY+CBD)* A 
DJNZ DISCH4-* 

POP DE 
CALL FINDL3 
POP IX 
POP HL 
POP BC 
RET 

SUDROU T INE TO CONVERT ENLARGEMENT FACTOR TO ITERATION C 


OISCH5: 


ADVANCE Y COORDINATE 


RESTORE NEW POSITION 
STUFF DE BACK INTO CONTEXT 


# INPUT: 

; OUTPUT: 

DCLCTB: LD 

RLCA 

RLCA 

AND 

INC 

LD 

XOR 

SCF 

PCLCTI: ADC 


MODE BYTE FROM CONTEXT SAVE AREA 
B*A * ITERATION COUNT 


A* < IY+CBC) 


03 

A 

B, A 
A 


GET MODE BYTE 


ISOLATE ENLARGEMENT FACTOR 


OP4E I DSPOS 
00*51 If: 

0832 rrr./-05 
08*53 ‘ D7F04 


2523 

2526 

2527 

2528 
7529 
2530 
2331 
2532 


■-.» 


A, A 

DJNZ DCLCT1-* 

LD E, A 
RET 

FRAME UTINE T ° UPDATE COORDINATES TO POINT AT NEXT CHARA 

l"™?' COORDINATES TAKEN FROM CBD. CEE IN CONTEXT 

OUTPUT: UPDATED COORDINATES RETURNED IN D AND E 

A* B = CLOBBERED* C=ENLARGE FACTOR CONVERT 


0959 

0119601 

2534 

08513 

• ‘'Ft-: 

2535 

085D 

* FAO 

2536 

0S5F 

9.809 

2537 

09/-. \ 

* * •• 

2538 

0862 

n 

2339 

p’863 

f T 18602 

2540 

0866 

I OJ-'B 

2541 

0.868 

♦ -T 

1 / 

2542 

0869 

Af 

2343 

O 96 A 

► * ‘ H 

2544 

8 9 /.p 


2545 

7546 

2347 

2548 

096 8 

' 'i * 11, 03 

2549 

on/.p 

• *c \ t { i 

2550 

097 1 

r 111 3 

7551 

0 372 

- ; i •. 10000 

2332 

A 9 7 7 

I4i 99 

2553 

2554 

0979 

8 nr 3 

0878 

hi 

2555 

OS7C 

Oi 



NXTFRM: CALL DCLCTB 
LD C, B 

LD D, < IY+CBD) 

LD A,<IY+CBE > 

NXTFR1; ADD A,(IX+FTFSX) 

DJNZ NXTFR1-* 

CP l&O 

JR C,NXTFR3-* 

LD A, D 

LD B, C 

NXTFR2: ADD A.(IX+FTFSY) 

DJNZ NXTFR2-* 

LD D, A 
XOR A 

NXTFR3: LD E. A 
RET 

- AND^EXPAND T0 U * ITE ° NE LINE 0F A PATTERN WITH ENLARGE 

‘ .r, N ™ Y: , * L ~ SOURCE IX = FONT TABLE 

RATLIN: LD C,(IX+FTBYTE) 


GET ITERATION COUNT 
SAVE 
GET Y COORD 
GET X COORD 
ADD X FRAME SIZE 
2*#ENLARGE TIMES 
PAST RIGHT EDGE OF SCREEN? 


YEP - ADVANCE VERTICAL 


LD B, 0 
PUSH IX 
LD IX.O 
ADD IX. SP 
PUSH IX 
POP DE 
LD A.OCH 


* 

i 


CAPTURE STACK POINTER 


SAVE CAPTURED STACK 
DE a CAPTURED STACK 
SET EXPAND TO 00, U 
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i 


271 


1 1 

' 1 ? 

111 

/ v .7 


OUT 

(X PAND)»A 


( >* *: 

: i 

1 * » 

P ( * 4- 

* 1 « > 


LD 

A, OSH 

i 

< ; 


|i . ■. 



OUT 

(MAGIC),A 


<v 

: ; J 

> i*/j 06 

.' " l/ «l,l 


LD 

A, (IY+CBC) 

i 

Of:: 

I * / 

r or o 

99c, l 


AND 

OCOH 

4 

os 

i^_* V 

.•*,ol 

29 62 


JR. 

Z, WRTL3-* 

i 

Of: 

80 

ov 

806'* 


RLCA 



OS 

-1 . 

• ' / 

2564 


RLCA 



i < . . 


4 1 ' 

ZJOU 

WRTLl: 

EX 

DE, HL 


0:1: 

8r 

A 7 

1 _» C 1 6 


AND 

A 

i 

Of: 

OF- 

EU42 

256/ 


SBC 

HL, BC 

i 

00 

9 1 

* . 

2568 


SBC 

HL, BC 


08 

9 


25^9 


LD 

SP, HL 

i 

i '• 

“ *t 

■ i • < 

2570 


RES 

6, H 

i 

i” 

\ /-. 

r * 

i •' 

2571 


PUSH 

AF 


K , 

■*> 7 


2572 


LD 

B, C 


| 1 “ 

■ - 


**.5 

WR r L2; 

LD 

A,(DE) 

j 




257 *' 


INC 

DE 



4 1 


-, i- •. < ■ 


LD 

< HL),A 

i 

I'’ 

4 


’.i * -■ 

s. ■ * • • 


INC 

HL 


f « 

. 


.• * / / 


LD 

< HL),A 

i 

k 

" o 


i— ■ 

• / *T» 


INC 

HL 


O; 

. . 


.-i>- , 

/ i / 


DJNZ 

WRTL2-* 


4 



;; 0 


SLA 

c. 


\ 



757: 


POP 

AF 




■ i 1 



LD 

HL, 0 

i 

1 



♦ .*■...■• * 


ADD 

HL, SP 



; * 


. ,7.04 


LD 

D, H 

i 

i 

• ' • > 


7':.' 


LD 

E, L 

i 

o 

. 


t . 


DEC 

A 



. - ”i 


■ i - ’ < . 

l *. 1 ‘ * r 


JR 

NZ,WRTL1-* 



/ \ • 


; NOW DO WRITE TO SCREEN 


O 5 \ 

i 

J L • . •= 

y y 

WRTL.3: CALL 

DCLCTB 

o 

. 1 

y'Ci 

CALL 

DELOAD 

o \ 

' 

/ p l« v i 

LD 

A, ( IY+CBC) 

4 


4 

i: ; , 4 ‘ , ifc 

OUT 

( XF'AND ), A 

i T 

l ‘ 

■ 

4 ♦ * V 

4 4 ”« 

AND 

030H 

f«:' :1 -■/ 

t 

2594 

OR 

8 

o ' - • 

■ ‘i . 

/ ) *. • 

i_*ALL 

RELTA 

o- or 

i • 

*. **"■* * > 

EX 

DE, HL 

O'if 

i 

■ 1 , 

WRTL4: PUSH 

AF 

fV’( >* 

» * 

4 *: i * ■ _» 

■J , l V ,_”i 

PUSH 

BC 

p. :• » 

< 

/5 ■’ 9 

PUSH 

DE 

6 ‘ t" '* 

• • 

,;>l l<* 

PUSH 

HL 

O •• 

i 

' » 

• .V 1 

LD 

B, C 

(’ ■ 1 

. 

’• i .I f 

WKIL5: LD 

A, < DE) 

r •: : ' 


, i . k 

, ♦ 1 4 

INC 

DE 

| * * 


. - > ' 1 

LD 

( HL ), A 

i . 


i .1 '' « 

INC 

HL 

(*i ■ 


. . .< <6 

LD 

( HL ), A 



’ 

INC 

HL 

(*■: ■ 


/,*.«i:> 

DJNZ 

WRTL5-* 

O ' 

; . *4 

.i i 

LD 

A,(IY+CBE) 

i ■ r 

V ; 

7 6 10 

AND 

03 

o 1«1 

1 

i j 

JR 

Z , WRTL6-* 

c <■ V' 

V. 

26 1 7 

LD 

( HL ), B 

n: T »1 

\ . , < 

761 j . 

WRTL.6; POP 

HL 

o- r« r 

f 4 

■ * , , 

761 *1 

LD 

C,BYTEFL 

tv 1 , ’ 

1 ■ 

. 1 * . 

ADD 

HL, BC 


1 - 1 

.-6 t 6 

POP 

Ml: 

o; :! r 

* t 

.6 | / 

PUP 

BC 

<*■: fiA 

r i 

26 1 & 

pnp 

AF 

oorio 

DoOC 

2619 

PUT 

(MAGIC),A 

nn 

l r>r •*> 

2620 

DJNZ 

WRTL4-* 

oonr 

DDF 0 

2621 

LD 

SP, IX 

O: f I 

MU I 

' / /' Tr 'f 

.'i. . 

POP 

IX 

Of f : 

l" 1 1 

2627: 

RET 




262.5 

; MACRO TO 

GENERATE C 



2626 

DEFCHR MACR 

#A, #B, «C, 41 



2627 

DEFB 

44A 



r« 7 c* 

DEFB 

44B 



% /-. 7C/ 

DEFB 

<4C 



/ P “ 

DEFB 

44D 


i SET EXPAND BIT 

GET CONTROL BYTE 
ISOLATE ENLARGE AMOUNT 
JUMP IF ZERO 


i GET SOURCE BYTE 
i EXPAND IT 
i FLUSHETH 


i CAPTURE STACK TOP AGAIN 


; GET ITERATION COUNTER 


i IS FLUSHOUT NEEDED? 
; JUMP IF NOT 
i STEP TO NEXT LINE 


i RESTORE STACK 
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d -273 

. i 


1 


DEFB #E 
DEFB #F 
DEFB #G 
ENDM 


<VT 

/ *“• - - 
■ . ' 4 * 

i * 

”_« 1 

’ * ■. ► 

nr I • 

-;S 

riff 


nfl * 

. ■ > i t 

n‘->.. • 

in->4 2 

('V"*» • ' 

, .0*13 

n •< •; 

.644 

i 

. . .4!;. 

i 

.o*4n 

iv 

<.4 7 


.' • *4 •:> 

f.n ; 

:I649 

tV 

. .40 

«V ■ 1 

76M 

O'* 1 

7652 

n~ ’ • 

4 / il' ’ * 
» r , i .> 


o'‘.4 

r>‘ ‘* « 

6. 

11‘~ 

.6: 6.6 

<V 

. * r*-* i 

P. 6,, t / 

.V • • 1 

m ♦ % 4*.I* 1 

* >' ‘ 



/66iO 

» ■* i 

.006 1 


^ ’ * </>/ 

i »’"• 

/ »o6 3 

i i 1 

. 664 

, 1 

/. .6*0 


3666 

o v,r 

, i .. • / 

<1 *i • 

, . -i .. 

■ - in 

.. 


*•.»’> /n 

n “m f: 

26 71 

090/ 

2672 

<V>jv> 

. 2*6/8 

OOFo 

26/4 

nor / 

2675 

rv>rf- 

7676 

0*"F9 

2677 

OOfT 

2678 

f»A 03 

26/9 

OAOA 

26S0 

0A1 l 

■">/- C- \ 

O 0 1 f\ 


o,o i r 

*“ * -*i 

+ . c* O ‘Z* 

oo' /. 

3 .94 

o, : ri 

" p * fl 

^ r *< « J 

Oi\ 1 

4 i M ", A, * 

•V ! r 

A * .1 / 

o, . 1 

>.:-o 

<0.* } * 

2*639 

( «•’ '~0 

yO‘;>90 

o»y r 

76 -1 

<0, ' f 

..'i ' 

n, 

2.6 

(•' j' 

/o': 4 

On" 


r- O’ .*, 

j,, *i ’« 

06" 1 

769 / 

O.o 

26-/8 

<’*, 

269V 

c>: 

2700 

OfY'Ti 

770) 

* * * i, \ / 

7702 

0,0 ,,r: 

7 / n •: 

06 r: / 

2 /«*4 


; LARGE CHARACTER SET (8X8) 
l RGCHR 

DEFCHR OOOH*OOOH*OOOH* OOOH* OOOH* OOOH* OOOH * 
DEFCHR 020H*020H*02OH*020H* 020H* OOOHi 020H * 
DEFCHR 050H*05OH,050H*OOOH*OOOH*OOOH* OOOH * 
DEFCHR 048H* 048H* OFCH*048H* OFCH* 048H* 048H * 
DEFCHR 020H* 07SH* 080H* 070H*008H* OFOH* 020H * 
DEFCHR OCOH* 0C8H* 01OH* 020H* 040H* 098H* 018H i 
DEFCHR 06OH* 090H* OAOH, 040H* CASH, 09OH* 068H ; 
DEFCHR 060H*060H* 060H* OOOH, OOOH* OOOH* OOOH ; 
DEFCHR 01OH* 020H,020H* 020H, 02OH* 02OH* 01OH ; 
DEFCHR 040H*020H* 020H* 020H*020H, 020H* 040H * 
DEFCHR OOOH*OASH* 070H* 0D8H* 070H, 0A8H* OOOH i 
DEFCHR OOOH*020H*020H* 0F8H* 020H, 020H* OOOH ; 
DEFCHR OOuH*OOOH* OOOH*060H*060H*020H* 040H * 
DEFCHR OOOH#OOOH* OOOH*0F8H* OOOH, OOOH* OOOH i 
DEFCHR OOOH*OOOH* OOOH* OOOH*OOOH, 060H* 060H i 
DEFCHR OOOH*008H*01OH*020H*040H,030H*OOOH i 
DEFCHR 07OH*088H* OSSH*088H* 088H*083H* 070H i 
DEFCHR 020H*060H*020H*020H* 020H* 020H.070H ; 
DEFCHR 070H*088H*008H* 070H* 080H* G80H*OFSH * 
DEFCHR 070H,088H*008H*030H*008H*088H*070H * 
DEFCHR OiOH*030H*050H*090H*0F8H*01 OH*010H ; 
DEFCHR OFSH*OSOH*OFOH*008H*008H*088H*070H * 
DEFCHR OSOH*040H*080H* OFOH*088H*OSSH* 070H * 
DEFCHR OFSH* 008H* OIOH, 020H* 04OH* 04OH* 040H i 
DEFCHR O/OH,OSSH,OSSH*070H*OSSH* OSSH* 070H i 
DEFCHR 07OH*OSSH* 08SH* 078H* 008H* OIOH# 060H # 
DEFCHR OOOH* OSOH*060H* OOOH* OSOH* OSOH* OOOH I 
DEFCHR OSOH*OSOH* OOOH* OSOH*OSOH* 020H* 040H t 
DEFCHR OIOH* 020H* 040H* OSOH* 040H* 020H* OIOH i 
DEFCHR OOOH*OOOH* 0F8H*OOOH* OFSH*OOOH* OOOH * 
DEFCHR 04OH* 020H* OIOH* OOSH* OtOH. G20H* 04OH * 
DEFCHR O/OH* OSSH, 008H*OIOH* 020H*OOOH* 020H * 
DEFCHR 07OH*OSSH*ODSH*OASH*0B8H*OSOH* 078H i 
DEFCHR 07OH*OSSH, 08SH* OFSH*OSSH* OSSH* OSSH * 
DEFCHR OFOH, OSSH, OSSH, OFOH, OSSH* OSSH,OFOH i 
DEFCHR 070H*OSSH*OSOH* OSOH* OSOH* OSSH* 07OH * 
DEFCHR OFOH* OSSH* 088H* OSSH, OSSH* OSSH* OFOH * 
DEFCHR OFSH* OSOH*OSOH*OEOH* OSOH*OSOH* OFSH * 
DEFCHR OFSH* OSOH*OSOH* OEOH*OSOH* OSOH* OSOH ; 
DEFCHR 070H*OSSH* OSOH* OSOH* 09SH* OSSH* 07SH * 
DEFCHR OSSH* OSSH,OSSH, OFSH, OSSH* OSSH* OSSH i 
DEFCHR 070H,020H,020H*020H*020H, 020H, 070H ; 
DEFCHR OOSH* OOSH, COSH* OOSH, 008H, OSSH* 070H i 
DEFCHR OSSH* OSOH* OAOH* OCOH, OAOH* 090H, OSSH i 
DEFCHR OSOH,OSOH, OSOH* OSOH* OSOH* OSOH, OFSH * 
DEFCHR OSSH*ODSH* OASH, OASH, OSSH* OSSH, OSSH * 
DEFCHR OSSH* OCSH,OASH* OSSH* OSSH* OSSH* 038H * 
DEFCHR 0F8H*OSSH*OSSH, OSSH*OSSH, OSSH*OFSH ; 
DEFCHR OFOH* OSSH,OSSH, OFOH* OSOH* OSOH* OSOH ; 
DEFCHR 070H*OSSH, OSSH* OSSH* OASH* OSOH, 068H ; 
DEFCHR OFOH* OSSH, OSSH, OFOH* OAOH* OSOH, OSSH i 
DEFCHR 070H,OSSH, OSOH, 070H, OOSH, OSSH, 070H i 
DEFCHR OFSH, 020H* 020H, 020H, 020H* 020H,020H ; 
DEFCHR OSSH,OSSH* OSSH* OSSH, OSSH* OSSH, 070H ; 
DEFCHR OSSH*OSSH* OSSH* OSOH* OSOH* 020H, 020H * 
DEFCHR 088H*OSSH* OSSH, OASH, OASH* ODSH, OSSH i 
DEFCHR OSSH* OSSH* 050H* 020H, 050H* OSSH* OSSH i 
DEFCHR OSSH, OSSH, OSOH, 020H*020H*020H*020H i 
DEFCHR OFSH*008H*OIOH, 020H, 040H*OSOH,OFSH * 
DEFCHR 070H*040H* 040H* 040H, 040H* 040H, 070H ; 
DEFCHR OOOH,OSOH, 040H* 020H, OIOH* OOSH* OOOH i 
DEFCHR 070H, OIOH, OIOH, OIOH*OIOH*OIOH*070H * 
DEFCHR 020H, 070H, OASH* 020H* 020H* 020H* 02CH * 
DEFCHR OOOH* 020H* 040H* 0F8H»040H, 020H, OOOH ; 
DEFCHR 020H*020H* 020H* 020H, OASH, 070H* 020H * 
DEFCHR OOOH* 020H*OIOH* OFSH* OIOH* 020H* OOOH * 
DEFCHR OOOH*OSSH*050H*020H*OSOH*OSSH*OOOH * 


SPACE 

i 

i, 

# 

$ 

X 

& 

✓ 

< 

) 

* 

+ 


0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

« 

« 

i 

< 

> 

7 

e 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

N 

0 

P 

Q 

R 

S 

T 

U 

V 

w 

X 

Y 
Z 
C 

\ 

1 

A 

«“ 

DOWN 

RIGHT 

MULTI 
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4*s I 


275 


f't'.'A 1 • 

. 7 68 

JCFE 0 
-4DEFB 2OH 

• "« .* • » 


f».' IT: * ■ 

7 /* *7 

DEFB 0 

<vr" f . 

/os 

DEFB OFSH 

fV. AD **■’ 

2 >9 

DEFB 0 

o,'.r:r ;«• 

? / Ju 

2. ; 1 l 

DEFB 2OH 

**■ LAST BYTE OF DIVIDE IS ZERO 


? i > 

, I 
• I i 

•i*. 


; BYTE OF . . 

, SHALL CHARACTERS (4X6) 

SMLCHR 

DEF5 00OH^OOQH,00OH,OOOH*OOOH i SPACE 


A.» 

J *. • • 

7 / J i 

MM .JUMP; 

POP 

IX 


A,' « A 

r 

7718 


EX 

<SP), HL 


or e 7 

li!'! ■ 

771 v 


JF* 

(IX) 




1 

. Mi iNF. 

cunvt 

IV r KEY CODE ro ASCII 



• r • * 

, 1 t IF 4 1. 1:. * 

U 

1NL 




. h . / / S 

;INPUT: 

A-Kb 

:y code 




7 774 

, OUTPUT 

; A '-*{ 

■li.C 11 EQUIVALENT 



772*5 

i HOW: 

TABLE 

LOOKUP 


•V,f 


7 / .6 

MKCTAS: 





or: 

2727 


LD 

C, B 


'8V n 

(»/ l «A 

7 / 7 *4 


LD 

Bi 0 


f>Ai f 

/if » r .r»A 

77 79 


LD 

HL,KCTATB 


«'.Ai 1 

ii' 

2 / 30 


ADD 

HL, BC 


< >AD< * 

T 

2/31 


LD 

A,(HL) 


C -AP 1 

fD7709 

2782 

QFROG; 

LD 

(IY+CBA), A 


A ADO 

r < 



RET 



OAn*~ 


V>‘8S 

KCTATB: 




/ Ali’ • 


7 ."86 


DEFB 

/ y 

SPACE 

...ii 

* 

. . / 


DEFB 

■ c •' 

BULLET 

f . ! 


4 N ,- *« 

• »7* 


DEFB 

SEH 

UP ARROW 





DEFB 

8CH 

DOWN ARROW 



; o .■« 


DEFB 

:/. '• 


■ «. .» 7. 


. / f i 


DEFB 

R ■ 

RECALL 

...1 tl 




DEFB 

s ■' 

STORE 

t v 'll 


■_ . ' | *1; 


DEFB 

♦ *■* 

1 

PLUS-MINUS 

iT ■ 


7: 14 


DEFB 

' 

DIVIDE 

... ! i< 


; v if. 


DEFB 

, 7 , 


■•If 


; opy" 


DEFB 

/ 8 / 


J >»’' I ‘ ’ 


y* 17 


DEFB 

••• ^ ■' 


•*.4 I 


' ? 48 


DEFB 


TIMES 

I''."!' 

; 

; • i -/ 


DEFB 

'4' 


* "1 if 


,80 


DEFB 

•"5^ 


0.7r l 


,'78 '1 


DEFB 

'6' 


• '■AT *• 


* i • 


DEFB 


i MINUS 

•Vil 


t \ j 


DEFB 

•' 1 ' 


* »« *f 


.4 


DEFB 

'2' 


«•»' .1 * 


1 ■ " f 

- -■ • JK ■ 


DEFB 

/ “« / 
w» 






DEFB 


i PLUS 

• *1 i i . 


2 


DEFB 


; CE 

i . M 

• 

.. , > 

. .• 


DEFB 

'0' 


• 


, ■ » r . 

.. ’ * / 


DEFB 

s s 

iPOINT 

A. .r f i 


7 ,0m) 


DEFB 

/ = / 

iEQUALS 


•■■..If 

• • /i f < 

i . 

AAI * 


< <i • ‘ 



2/76 

2777 

2778 
7 779 


; NAME: 

; PURPOSE; 

» INPUT; 


i 


FILL AREA 

SET REGION OF SCREEN TO CONSTANT VALfJE 

A = DATA TO FILL WITH 

BC = NUMBER OF BYTES TO FILL 

DE = STARTING ADDRESS OF REGION TO FILL 


MPILL: 

EX 

DE, HL 


MFILLi; 

LD 

(HL >,A 

i STUFF BYTE 


CPI 


, BUMP HL. DEC 


JP 

PE, MFILLI 



RET 




, NAME; RELATIVE TO ABSOLUTE 


i 

i 


PURPOSE: 
INPUT; 


i OUTPUT: 


; 


COORDINATE CONVERSIC*N 
E = X COORDINATE 
D = Y COORDINATE 
A = MAGIC REGISTER VALUE TO USE 
DE = ABSOLUTE ADDRESS 
A = MAGIC REGISTER TO USE 
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277 


278 



2/80 

, MAGIC ENTRY POINT 


Or.FA 

r rio: :0B 

2/81 

MRELAB: CALL 

RELTA 


oaf? 

1 30? 

2782 

JR 

MRELA2-* 




2783 

i NONMAG 1C ENTRY POINT 


OAFR 

CMEOB 

2784 

MR’EL A1: CALL 

RELTA1 


OAFF 

err? 

278? 

SET 

6,D ; NONMAOIC 

THE ADDRESS 

op'X> 

r j! 7304 

2 786 

MRELA?: LD 

<IY+C3E >,E i UPDATE CB 

DE 

OR 1 ***: 

ro" r :;* / 05 

2787 

LD 

<IY+CBD)»D 


r>n«v. 


7|*»0 
/ « ,'V 

MFROG: JR 

GFROG-* 




• .• 1 # Fi ♦" * 

•’ / < ■ 7' 

, magic entry point 


•' T :i >. : 

i '! ,‘if: 

> 90 

RFLTA: CALL 

RELTAl 


Cl : 

' * . *t 

2. 79 1 

OUT 

(MAGIC)/ A 



i 

7792 

RET 



apaf 

4 I, » 

2 7 98 

CI9I.IM2. DEFB 

0 i *#* CHECKSUM *#* 

OPoF 


2 79 -| 

DEFS 

OEOH,OAOH,OAOH, OAOH, OEOH 

i 0 

oni -i 


7 / 95 

DEFS 

040H,040H,04OH,040H, 040H 

i 1 

opi v 


779 6 

DEFS 

OEOH,020H,OEOH,OSOH,OEOH 

i 2 

01 : j r- 


2 7 9/ 

DEFS 

OEOH/ 020H, 060H, 020H, OEOH 

i 3 

or •* 3 


*i "7 O 4 -* 

-*T— / ■' » ♦ 

DEFS 

OAOH, OAOH, OEOH, 020H, 020H 

i 4 

<.f: 


«"> ~V . * 4 ,7 

DEFS 

OEOH, OSOH,OEOH,020H,OEOH 

/ 5 

OT-'Ti 


* 

DEFS 

OEOH/ OSOH, OEOH, OAOH/ OEOH 

/ 6 

or. :' 


7001 

DEFS 

OEOH,020H, 020H, 020H, 020H 

i 7 

01 : ’:7 


7802 

DEFS 

OEOH,OAOH, OEOH, OAOH, OEOH 

i 8 

f-l "r 


280 

DEFS 

OEOH, OAOH, OEOH, 020H, OEOH 

; 9 

or 11 


7 804 

DEFS 

OOOH/040HzOOOH/ 040H/ OOOH 

i 1 

or mo 


280? 

DEFS 

04OH, OEOH,OEOH,OEOH,OEOH 

i BULLET 


\ 

<4: 1?*: f ' . 

onin i » • 


;:&«'>/ i MOVE ROUTINE 
2£*:u8 hMOVE; LOIR 

7809 RET 


29 J. 1 


SYSTEM ENTRY POINT FOR NONMAGIC ADDRESSES 


<f IF 

1 * 

/ 1 9 1 « ! 

RELTAl: PUSH 

HL 



r-r: ir 

I 

29 1 2 

mn\ 

OFCH 

, 

TOSS OUT SHIFT AMOUNT 

r»r:‘, 1 

4 

.78 1 4 

LD 

L, A 

, 

SflVE 

Ol «7 


29: l' , 

LD 

A* E 

, 

GET X 

nl 

* M 

« •. ♦ 1 < • 

AND 

OSH 

, 

ISOLATE SHIFT AMOUNT 

r*r: r '/; 

1 ’ 

* • ♦ 1 / 

OR 

L 

, 

COMBINE WITH MR 

n !:*-«/ 

1 ’ 

*«"• 1 O 
.•••>'< 

RELTA2: PUSH 

AF 



Op? ' 

1 i« • 

29 \ J 

AND 

040H 

, 

IS FLOPPED BIT SET? 

Op* . > 

.1 

?:-V 0 

LD 

A/E 



Cl 9 iA 

. * ♦ : 

* ♦ 1 ♦ i 

JR 

Z/RELTA^f 

4 

, 

JUMP IF NOT 

M 1 ' | 

r 

/ ■ • « 1 , 

CPL 


i 

YEP - UNFLOP THE COORDINATE 

4 4 ’ i« 

» - Oil 

. ♦ ♦ / > 

. • • , ■ » 

ADD 

A/ 160 



1 r* .i 

1 » 

1 

* //4 
» • v. 

RtITAS: LD 

L/ D 

, 

> 

11 

J 

X 

«4':/ »« 

//.OO 

». .* i -j 

LD 

H/ 0 



OBJ 7 

•) 

* - 

2826 

ADD 

HL/ HL 

i 

SET HL = Y * 8 

0863 

■7 7 

*- r 

282/ 

ADp 

HL/ HL 


1 

01884 

79 

2828. 

ADD • 

HL / HL 




?4 

2829 
78 3U ( 

LD 

D/ H 



019./. 

Mi 

LD 

E/ L 



Of/./ 

• *"* 

20 C* 1 

ADD 

HL, HL 

i 

SET HL - Y # 32 

«»| : 

• ; 

• 

■/ Ci 

ADD 

HL, HL 



OF:/. ' 

1 ? 

2833 

ADD 

HL, DE 

/ 

SET HL = Y * 40 

OF: 6 A 

c r: 7F 

2834 

SRL 

A 

« 

/ 

A ■ X 4 

OP/.f 

Cr:3F 

283^ 

SRL 

A 



OBAf" 

?r 

2836 

LD 

E, A 



op/.r 

1 .\oo 

2837 

LD 

D, 0 



OF: Tr 1 

1 ■* 

2838 

ADD 

HL, DE 

• 

/ 

HL = Y * 40 + X 4 



2339 

IF 

NWHDWR-1 





7840 

END IF 



Op * 

’ - 

/84 1 

EX 

DE, HL 





7943 

; NAME 

RETURN FROM 

MACRO SUBROUTINE 



7844 

, PURPOSE: 

RETURN CONTROL TO CALLER 



784? 

, THIS CODE WAS 'STOLEN / 

FROM RELABS SINCE 



. 9 

, 1T DOES THE 

STACK CLEANUP 

THAT MRET DOES 

Of: 7 


.. <::i4 t 

MMRET: POP 

AF 



OF: *7 l 

• 

. ::4 3 

POP 

HL 



OP 7’ 


7 :: 1 9 

RET 
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ENTRY FDR USER 


or: ■ 

1 ::Oi; 

~ . *? ■ ■ 

. * c 

INXNIB: CALL 

XNIP 

on* 


■2 *- 4 *■ * ■ • 4 

JR 

MFROG-i 



’ . t ’ f.: 

>_ o.« 

; NAME: 

INDEX NIBBLE 




* PURPOSE: 

LOAD OF SPECIFIED NIBBLE RELATIVE TO 



. . . r ■ • 

, *r<- * / 

* INPUT: 

’ C = NIBBLE NUMBER 



*. 

f 

HL = BASE ADDRESS 




; OUTPUT: 

NIBBLE RETURNED RIGHT JUSTIFIED IN A 



, -Y.t! 

, DESCRIPTION: BYTE = NIBBLE# 2+BASE 



. : : *0 t 

; THF LOW ORDER NIBBLE OF A GIVEN BYTE IS ADDRESSED 



'••1*/. V 

. f O' 

; BY AN EVEN 

NIBBLE NUMBER, 

or:' M 

• *■ 

„ «" • 1 ' t « "« 

‘ XNIE: PUSH 

HL 

or: 


. :•:*./• *4 

PUSH 

BC 

«>p: ’I 

. . 

/;‘: 0 S 

LD 

B> 0 

or: 


, 

SRL 

C 

r*T ’ 


:';o7 

ADD 

HL* BC 

or:: 

■ 

. 

LD 

A,(HL) 

Of:: 

■ 

>:■ 7,9 

POP 

BC 

Of:: 1 

ill 

/0 

BIT 

0 , C 

<*’ :■ 

- <-l 

/ 1 

JR 

1, XNIBl-$ 

r>r::V 

• l 

<•. • • / ». 

RRCA 


i*H :: : • 

* '1 

- ■ * « 

# ■ ■ '* 

F Clvi A 


« 1 :* ;/, 

»*1 

:/4 

RRCA 


oj:: ;J: 

* *i 

■ „» > fi 
, * * / * * 

RRCA 


OF: f:C 

r oof 

2070 

XNIB1; AND 

OFH 

OI38E 

Ei 

2877 

POP 

HL 

OpSF 

r. */ 

♦2878 

RET 




2 : :80 

; NAME: 

STORE NIBBLE 



" 0 »V i 

; PURPOSE: 

. NIBBLE STORING (!) 



ooo’V 

4 2. 

i INPUT: 

A = NIBBLE TO STORE 



7000 

i 

C = NIBBLE NUMBER (AS IN XNIB) 



2884 

i HL = 

BASE ADDRESS 

OF: 90 

E5 

2885 

F’UTN I B: PUSH 

HL 

OP:'">t 

r 

O O A 
^ ", .* »„,» »_* 

PUSH 

BC 

or*"'? 

< # i. i r 

0007 

LD 

B> 0 

or~'i 

*' i ; • “* 

< *7 ■ - o»»' i 

y / l« / i" i 

SRL 

C 

or • . 

i 

2 . 88*8 

ADD 

HL, BC 

or- •- 

i 

28 70 

POP 

BC 

Or : 

j i ii 

7 891 

BIT 

0 , c 

or>o 

< o * 

2 8 V 2 

JR 

2, PUTNB1-* 



■“/ *' •* "i 

; H. 0 CASE - 

- SHIFT IT 

or- * r 

■' P 

,7994 

RLCA 


or-Ti 

* 

?8y5 

RLCA 


or -r 

■ • 


RLCA 


0*1 :■ *1 


289? 

RLCA 


or*,.'. 


78vy 

XOR 

(HL) i NEAT COMBINE TRICK (SEE 1 

oro • 

r 

f 

2 

AND 

OF OH i PG. 9) 

Ol-.V’: 

1 

2:90*0 

JR 

PUTNB2—* 

or -or 

H 1 

799 i 

.PUTNB1 : XOR 

(HL) i L. 0. CASE 

f". 

1 1 I lO* 

r « •; 

290 7 

AND 

OFH 

Of 

i * * 

2 90 7-: 

PUTNB2: XOR 

(HL) 

or, ,■-*■ 

“ s 

7904 

LD 

< HL ),A 

c*r . 0 

r ; 

2905 

POP 

HL 

or or: 

1 

2 9t >7* 

RET 




2908 

, NAME : INDEX WORD TABLE (WORD INDEX) 



—<90* ’ 1 

, PURPOSE: TC 

i INDEX AN ARRAY OF DEFW^S 



791 o 

* INPUTS: A=INDEX NUMBER (0-255) 



7 1 1 

i HL -> TABLE 

: ENTRY 0 



7 Cf 1 7 

* OUTPUTS: 

DE = ENTRY LOOKED UP 



79 1 

t 

HL = POINTER TO ENTRY IN TABLE 

or-or 

' i 

79 i A 

MINOW. LD 

E, A 

or/ r i 

\ 

7 9 ] 0 

LD 

D, 0 

or or 

, * 

7 10 

SLA 

E 

Off:: 

1 j 

7 M O' 

RL 

D ; DE*2 

or r. : 

i 

7 **’ 1 •: 

ADD 

HL# DE 

or ’■ i 

« < 

7 ,; | v 

LD 

E# (HL) 

r>i f -r 


79 70 

INC 

HL 

r*j l. 

' 

.•■V/ L 

LD 

D# (HL) 

r*i r •' 

* 

/ / < .< 

* -< 

DEC 

HL 


BASE 


DDJ J 
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r«r I -■ : t I ; J.'if 

m ! I 1 :■* - 


OPPH 

r»nr:r 

(»p« ii 

r»r ;r i 
orr 2 
r *. 

f)pf 


r ">F 
1 / 

I ' 

7\ 

r rt'/7rv> 

f 117*101:; 

i-ny-.oA 


ORCP r v 


a tv 

npr. r 

OPT.* • 
onir 
onrr , 5 

Apfi, ’ 
Of:f «0 . 
OPR- ' 
or: 111 
or:r« ’ . 
r»rr i 

APT 

onr 

OBI 7": ' 


« i 

• i 

i 


\ r.r,o 

i II- 
. ■, .M 

* .i ,R 


> I » , 

' ’ i • , ? 
» 

i; n-'ir 


C, 


. .< » 

/v /l 
7 V 72 
2 '*73 

'/4 

2 >75 


STHLDE. CALL FINDL3 


£82 



JR 

MINDB1-* ; JOIN STORE IN INDEX 

. \v. 

, NANI:; 

INDEX BYTE TABLE 


' i > } 

i PURPOSE: 

TABLE LOOKUP 


~t ■ y O 

A ■ ' ' 

, INPUTS: 

A = INDEX NUMBER 


2929 

, OUTPUT: 

A = VALUE OF BYTE 


2930 

i ♦ 

HL ~ POINTER TO TABLE ENTRY 

2931 

MINDB: LD 

Et A 


2932 

LD 

D, O 


2'-'3 3 

ADD * 

HL, DE 


293A 

LD 

A* <HL) 


2933 

LD 

<IY+CBA),A 


2936 

NINDB1: LD 

<IY+CBH), H 


2937 

LD 

( IY+CBL),L 


“/ C/ o 

RET 



, '"’40 

, NAME: DISPLAY TIME 


7 941 

. PUPPOSE: DISPLAY TIME ON SCREEN 


- ’7 1" 

• INPUTS. E 

- X COORD 


39-13 

D 

= Y COORD 


/•••VI 

> C 

= SAME AS DISCHR OPTIONS EXCEPT BIT 

2945 

} 

TO DISPLAY COLON AND 

SECONDS 

946 

, OUTPUTS: NONE 


47 

MOISTI: 



7 94 9 

LD 

IX,SMLFNT 


7 '■ 19 

LD 

B, 42H 


7950 

LD 

HL,GTMINS 


9!Vi 

PUSH 

BC 


375 7 

RES 

7, <IY+CBC) 


•■953 

CALL 

BCDISP 


’-*54 

POP 

BC 


955 

BIT 

7, C 


5*56 

RET 

Z 


- . ': ~> 

: - -• / 

LD 

A,80H+3AH 


' *33 

CALL 

DISPCH 


••/’-,9 

LD 

B, 42H .. 


* * p / 

LD 

HL, GTSECS 


'Vo | 

. AND FALL INTO . . . 


•/i-.3 

NAME: 

DISPLAY BCD NUMBER 


57.4 

INPUT: 

B = NUMBER DISPLAY OPTIONS 

95.5 


C “ CHARACTER DISPLAY OPTIONS 

’ '*.*6 


DE = Y,X COORDINATES 


v/%7 


HL = NUMBER ADDRESS 

(POINTS AT LO 

* f * C* 


IX = ALTERNATE FONT 

(IF USED) 

’i i' 

OUTPUT: 

DE UPDATED 



= l 


BYTE) 


DESCRIPTION: THIS ROUTINE CONVERTS EACH NIBBLE INTO 

ASCII AND DISPLAYS IT. THE NORMALLY ILLEGAL BCD 
VALUES ARE DISPLAYED AS CODES 2A THRU 2F RESPECTIVELY. 
THE NUMBER DISPLAY OPTIONS BYTE IS FORMATED AS FOLLOWS: 


BIT 7 
BIT 6 


SET IF LEADING ZERO SUPPRESSION WANTED 
SET IF USE OF ALTERNATE FONT 




.‘9 70 

, BITS 

5-0 

NUMBER OF 

DIGITS TO DISPLAY (NOT NUMBER 

• >11 V 

9 • 

9*7 7 

PCD ISP: 

LD 

A, B 

# 

GET OPTIONS 

*41 1 

1 • -I 

2 '73 


AND 

3P H 

4 

/ 

ISOLATE NUMBER OF DIGITS 

r.rvr 

)» 

2979 

BCDUO: 

DEC 

A 



OPR 

r ■ 

vpo 


RET 

M 

# 

QUIT IF NULL OR NO MORE 

OPFi> 


/Vo. 


LD 

C, A 

i 

SAVE 

OPF i 

* < 1 • BuB 

2932 


CALL 

XNIB 

i 

GET NEXT DIGIT 

t'*PP 4 

" . .(*i / 

2983 


JR 

NZ, BCBD1-* 

¥ 

, 

JUMP IF NONZERO 

ADR, ■ 

• 

2934 


BIT 

7, B 

i 

IS ZERO SURPRESS ON? 

OPF9 

.< « 

“rjC'C 

A., / , . , wl 


JR 

Z, BCDD1-* 

• 

, 

JUMP IF NOT 

orr a 

1 1 

2986 


OR* 

C 

i 

LAST DIGIT? 

9PFP 

• * 1 4 

> * ^ ^ __ 
2937 


JR 

NZ,BCDD4“$ 

i 

JUMP IF NOT 

orro 

5 PI 

vooo 

BCDD 1 : 

RES 

7, B 

i 

CLEAR LEADING ZERO FLAG 

OPFF 

1 /•. t) 6 

2939 


ADD 

A, 6 



OCX) I 

f i OF’ 

2990 


AND 

OFH 



r-ro": 

. A 

2991 


ADD 

A, 2AH 



Ai 05 

■ » r» 

7992 

BCDD2: 

BIT 

6 , B 

« 

, 

ALTERNATE FONT? 

( i A 7 

- ■’ 

[99 98 


JR 

Z,BCDDC-* 

i 

JUMP IF NO 

f.ccr 

I 3*1 

/•vv4 


OR 

90H 

* 

, 

YEA - SET THE BIT 

»>** < >f • 

a < 5 . 

", - n-i rr 
; * ‘ . 1 

BCDD3: 

CALL 

DISPCH 

i 

DISPLAY THE CHAR 

fV -4 


7 "79 6 


LD 

A, C 

i 

GET LOOP COUNTER IN A 


O 
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* 4 I t * | 

(•>' 1 1 

r i | 3 


t < 


283 


BCDD4. 


JR 

BCDDO-* 

i 

LD 

A, •" ' 

p 

JR 

BCDD2-* 



284 

AND GO FOR NEXT 

LEADING ZERO - WRITE A SPACE 


" l M « | 
S n 4 

li 'i * .*! 


1 *i r. 


M » *? ' r 

:> m <> . 

1 ~ \ "■ 

<4 ' 

or i 

, :* .i i 

O' 1 I: 

!* M 'V 

, u t •* 

J * .* 1 0 

i <t ; ( t 

:■ < 1 i 

•I u 

's* i 2. 

r, i» * 

>oJ3 

i ■» / r J 

! .4 

«n *' *: 

So i 0 

or ; i 

• «.U s 

o« /•'« 

•;r v-17 

Of .* 

i >»is 

i ■ ♦ i 

'* > i ■> 

or r 

■ •Ii Si,;l> 

i *i - r 

■ : :* *,: t 

. .1 • 

<*i, 2 

Oi 'I ' 

S 

i i '* 


in :1 

•n ». • r .A 

, . 

-li 'mi;.:. 

4 f 

1 > :0/V 

or sr, ■ 

:«• i2: 3 

or r- ’ 1 

. • y 

in 'f > 

;O30 

«•»' ; t i • ' 

1 . .Su.Sl 

• '■ i ! 

.) :u 


NAME: INCREMENT SCORE ernBfr 

PURPOSE: INCREMENT SCORE AND COMPARE TU END SCORE 
INPUTS HL -> PLAYER SCORE LOW ADDR OF 3 BYTES 
OUTPUTS: GSPEND OF GAMSTB SET IF MAX SCORE REACHED 

LD B, 3 


N1NCSC 
INCLOP 


CMP I T 


CMPLOP 


SEI END: 


REPEAT: 


PUSH HL 
LD A, (HL) 

ADD A,1 
DAA 

LD (HL)* A 

JR NZ,CMPIT-* 

INC HL 
DJNZ INCLOP-* 

POP HL 
I NC HL 
INC HL 

LD A;(GAMSTB) 
BIT GSBSCR*A 
RET Z 

LD DE,ENDSCR+2 
LD B» 3 

LD A, (DE) 

CP (HL) 

JR Z, REPEAT-* 
RET NC 

LD HL,GAMSTB 
SET GSBENB# <HL) 
RET 

DEC DE 

DEC HL 

DJNZ CM PI ..OP—* 

JR Si:, f END-* 


i ENDSCR = SCORE 
iENDSCR > SCORE 
i ENDSCR < SCORE 


i >» 

• >r 

r.f 

in 

i-.r 

Of 

r>C 

Of 
fu" 
< n 
t n' 


i i 

•« 

* 

* 

- * > 
•r 

-i • 

* \ ■ 

. 1 : : 
•IS 

*i: 


•.« 
i •( 
% *t 
* <i 


r ,‘ 


, S* i I' 


I -I 


4 

t I 


I I 


II 1 * 1 * • 

i r .v.v:- 


:i.v; 1 

i NAME: 

QUI T . 

>n:S!.j 

, PURPO 

SE; HOLD PRE' 

M , «_■> 

, SAY G 

AML OVER 

SO S7 

MQUIT: 

SYSSUK STRDI3 

.1 » So 


DEED 48 

sosy 


DEFB 24 

»-10 


DEFB 0i001100B 

SO 4 1 


DEFW GMOVR 

3042 


SYSTEM ACTINT 

3043 

M0IJIT1: 

SYSSUK SENTRY 

SO 4 4 


DEFW AKEYS 

304 G 


CP STO 

3040 


JR Z,MQUIT2-* 

SMI 7 


CP SKYD 

Si) 1 :S 


JR NZ,MQUIT1-* 

Mir:* 

flOUJ 12. 

RST 0 

»i> 

GM07R: 

DEEM GAME " 

SO*. 1 


DEFB 6 

Si i' i 


DEFM OVER' 

' •!;.S 


DEFB 0 


ACTIVATE INTERRUPTS 

WAIT FOR SOMETHING TO HAPPEN 


TRIGGER CHANGE? 
KEY HIT? 

NO - KEEP GOING 
YES - RESET 


-:<V - 


* fc-k k-*+h;-4*-k-*h* if- 

a MENU ROUTINES * 


*; i >i */.. ■ 

■ / 

S'..‘'-:X 

, liirti Irl 

NOL1NE 

; * it +r & # M IH;-*** # 

ECU 96 

i NUMBER OF DISPLAYED 

<’ •< 

:i P »v* 

Mi INI 

EGU 

0 

i NEXT FIELD 

j 1 1 -; 

Si 

Sr,/. 1 

MMNH 

MNSAL 

EQU 

EuU 

1 

“/ 

i STRING ADDRESS 

" l' «»'»*'• 

• 4 .*n . 1 

:30 G 2' 
:-:0, .3 

HhJSAH 

MNGL 

EQU 

EQU 

3 

4 

i GO TO ADDRESS 

" I'nM'i' . 

Si )/-. I 

HUGH 

EQU 

5 
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siV.6 

; SYSTEM POWER UP ROUTINE 



or /. i 

■ < -i - “ o 

*:0.>7 

PWRUP: 

LD A*(FIRSTC) 

* 

GET FIRST CASSETTE LOCATION 

or / <■' 

* * . : 

3< > r: 


CP 0C3H 

* 

IS IT A JUMP?? 

or 

= /o 

3009 


UP* Z,FIRSTC 

i 

JUMP TOIT IF SO 

or /. • 

i \r 

7070 


LD SP,BEGRAM 



i >r t a 


SO 7 1 


SYSSUK FILL 

i 

CLEAR SYSTEM RAM 

i'm" / I 

I I o 

so /2 


pFFW BEGRAM 



i -«* 7* > 

4 ■ L 1 

s* * / 8 


DLFW SO 



4 <♦" 7 • 

1 » 

80/4 


DEFB 0 



or 7 

: . u|." 

»7S 


LD (URINAL),A 

< 

CLEAR SHIFTER 

or v; 

! . 

_ •< 1 / O 


DEC A 



f*l‘ 7 - 

: > -n 

SO /7 


LD (TIMGUTKA 

i 

CLEAR TIMEOUT WATCHDOG 

or 


..>♦»/>: 


SYSTEM INTPC 



I'M" 71 


7 4 * / / 


DO EMUSIC 



or *n 


:i i :":0 


DO SETOUT 



i h 7 

r i 



MR: <N0LINE*2)-1 



< *i 7 

- 



ni r n 4 i 



»>1 : :fj 

i ■ 1 • 



DEE b y 



Or:": 1 


:‘:nw4 


DO COLSET 



0C8? 

l 700 

3085 


DEFW MENUCL 



Of; 0:4 


3086 


DO ACTINT 



08:35 


3087 


EXIT 



Of9/ 

111 son 

3083 

«- 

LD DE#GAMSTR 

i 

'SELECT GAME' AS TITLE 

Of 9*“ 

/ o *« ,;>o 

8089 


LD HL,FIRSTC 

i 

ASSUME MENU STARTS IN QASSETT 

t' if 9»‘ 

i\ 

3090 


LD A, < HL) 

i 

GET FIRST CASSETTE BYTE 

Of :*:f• 

* 

809 1 


INC HL 



0f9F 

n 55 

8092 


CP $5H 

i 

IS SENTINEL THERE? 

or :■=><;» 

; 808 

3093 


JR I* PWRUP1-* 

i 

YEP - JUMP 

or*"/? 

i \ iso? 

30? 4 


LD HL,GUNLNK 

i 

WRONG - USE ONBOARD QNLY 

or?5 


3095 

PWRUP1: 

SYSTEM MENU 

i 

DISPLAY THE MENU 



:< >9 7 

, NAME: 

DISPLAY MENU 

AND BRANCH ON CHOICE 


•i 

;i.>y:s 

i INPUT: 

HL = MENU 

LIST 



sO^y 

> 

DE = MENU 

TITLE 



: i 00 

, OUTPUT 

DE = TITLE 

OF SELECTION MADE 



: id 

- DESCRIPTION: 




: i> '< - THE MENU LIST IS A LINKED LIST OF THE FOLLOWING F 

: I 08 , **-****•*********■***•**#***# 


3 1 04 

8 1 OS 
4 06 
8 i 0 7 
. > 1 08 
: L Ov 


* o * N£XT ENTRY * 

* 1 * * 

* * # tt***« **************** * 

* 2 * STRING ADDRESS * 

* 3 * * 

* #** **-«-**-***-«-*-#*»*«**«**#* 




3 1 t A 

i * 4 * BRANCH TO ApDRESS 

« 





:Ut 1 

; # 5 * 


«- 





31 1 ? 

; f frtHHHHHHt IHHt IHtft IHUHHHHMl# 





3 i 1 3 

; THIS LIST 

IS TERMINATED 

BY A NEXT ENTRY FIELD OF 

ZEROS 



8 l J 4 

; A MAXIMUM 

OF EIGHT ENTRYS 

MAY BE DISPLAYED. 


or 9*7 

■ 

a 15 

MMENU: PUSH 

HL 




Of 9:8 

i *. 

31 16 

PUSH 

HL 




or 99 

1 . 'nil 

8 l l 7 

CALL 

MNCLR 

i 

CLEAR SCREEN AND THROWUP TITL 

Of 9f 


.1 13 

XYRELL DE, 16, 12 




Of 9F 

• • ■ li t ] 

8 t 1 9 

LD 

BC,109H 

i 

INITIALIZE ENTRY « AND COLOR 

Of o : 

■ ■ : } 

1 20 

MMENU1: POP 

IX 

i 

FIRST ENTRY TO IX 


Of A4 


3 1 / I 

LD 

A, E 

i 

SELECTION NUMBER TO A 


of A' ■ 

l ♦ ♦ 

: : l 22 

ADD 

A, '0' 

i 

MAKE IT ASCII 


O ' 


-1 .* 3 

SYSTEM CHRDIS 

i 

AND SHOW IT 


I 'f A**' 

; i 

J/4 

LD 

A# 

i 

DISPLAY DASH 


* m A! 


: l *5 

SYSTEM CHRDIS 




or Of i 

. .07 

: 1 .■/. 

LD 

H, ( IX+MNSAH) 

i 

HL = STRING ADDRESS 


r.r |i • 

f i.i/ 


LD 

L, <IX+MNSAL) 




i .r r' 


■ i :* 8 

SYSTEM STRDIS 

» 

DISPLAY SELECTION 


or [8 . 


: 1 9 

LD 

A, 8 




i *i r: * 


1 :o 

ADD 

A, D 

i 

TO NE*T LINE 


t *f 1" : 

r i 

•:l :! 1 

LD 

D, A 




Of W- 

t in 

: 1 82 

LD 

E, 16 




r.i J:f* 

» 

: t 88 

INC 

B 

i 

BUMP ENTRY # 


fif f'.C 

! i > .«.r» i 

a a 

LD 

H, < IX4-MNNH) 

i 

HL = NEXT ENTRY ADDR 


r*i t i 

f •!«. 1 Of) 

a 8s 

LD 

L, < I X+MNNL ) 




i ■* i 

f 1 . 

a :/. 

PUSH 

HL 





♦ 

• 1 «/ 

Hi 

A, H 




i »r r - i 

I:*. 

81 

OR 

L 




Of f *, 

30 DR 

3 1 39 

JR 

NZ , MMENUl*-$ 

i 

NO - JUMP BACK 



3140 ; AT THIS POINT HL = 0, <SP) * 0 
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ore 7 


3141 

ADD 

HL, SP 

; HL = STACK POINTER 

0 CCft 

rs 

3142 

MMENU3: PUSH 

DC 


Of i*' 

O 1 O 1 o 1 

3143 

LD 

* 

DC, 0-101H 


or r r 


3144' 

XYRELL DEC 16,77 

i FEEDBACK ADDRESS 

or r r 


3143 

SYSTEM GETNUM 

i GET NUMBA 

or p I 

c 1 

3146 

PGP 

DC 


or D2 

7E 

3147 

LD 

A,(HL) 

i HOW DOES SHE LOOK? 

oens 

07 

31 48 

AND 

A 

; ZERO ENTERED? 

or; p/l 

/: :03 

3149 

JR 

Z,MMENU5-* 

; JUMP IF SO 

or no 

B8 

315 Cl 

CP 

B 

i IN RANGE? 

or. n? 

/ 

3151 

JR 

C,MMENU6~$ 

i JUMP IF SO 

r»r n- • 

••r :f 

1 02 

MMENU5: LD 

A, '?' 

; DUD ENTRY - SHOW ? 

Cm’ ni 


:J 03 

SYSTEM CHRDIS 


Of Ol i 

i . ' 

3 i:. 1 

JR 

MMENU3-* 

i GO BACK FOR NEXT TRY 

i *r r*r 

: i 

i r ,.S 

MMENU6; POP 

HL 

» THROW OUT ENTRY AREA 

I’m* r - • 

i ; 

“« 4 C" i 

.1 

POP 

DE 

; RESTORE HEAD OF MENU LIST 

or r i 

1 

*■» i r “r 

-> J ■-«! 7 

LD 

B, A 

; NUMBER ENTERED TO B 

orr? 

1 I: 

31 58 

MMENU7: EX 

DE, HL 

; HL = ENTRY PTR 

orr-: 

* -1 

1 09 

LD 

E,(HL) 

; DE = NEXT 

or r i 

•* 

3160 

INC 

HL 


or F'o 

t 

i • « 

8 i 6 i 

LD 

D,(HL) 


or r 

I'M it 

31 62 

DJN2 

MMENU7-* 

; COUNT DOWN TO ENTRY 

orr": 

\ 

3163 

INC 

HL 


orr *“■ 

• r * 

*1 

3 J 64 

LD 

E,(HL) 

; STRING TO DE 

0* F A 

' ; 

--> 1 O-^ 

INC 

HL 


or rn 

r / 

M • , 

3166 

LD 

D,(HL) 


Oi"Ff 

; 

3167 

INC 

HL 


orr n 

i! 

1 oo 

LD 

C, <HL) 

i GO TO ADDRESS TO BC 

or rr 


3169 

INC 

HL 


r-rrr 

1- . 

31 70 

LD 

B, (HL) 


or: FA 

r i 

3171 

POP 

HL 

; HL = RETURN TO PLACE 

OFF 1 

r i 

'3172 

POP 

AF 

; THROW OUT OLD PC 

or r / 

i' r , 

31 73 

PUSH 

BC 

i PUT NEW PC ON STACK 

orr 

i •. 

3174 

PUSH 

HL 

; AND PUT BACK DUMMY RETURN 

or F4 

r n/704 

31 75 

FINDL3: LD 

(IY+CBE),E 

; PASS BACK TITLE ADDRESS 

or F7 

r 0 7 ;■ or. 

3176 

LD 

<IY+CBD),D 


orr o 

r ■ • 

J. 77 

RET 


; AND GO BACK 



3 i 7 9 

, NAME; 

GET PARAMETER 



-: 1 80 

; PURPOSE; 

INPUT OF 

PROGRAM OPTIONS 



J 61 

, INPUT: 

A = NUMDER OF DIGITS 



O 1 O ” 

. * 1 t.li. 

i 

BC = PROMPT STRING ADDRESS 




i 

DE = FRAME TITLE ADDRESS 



3 1 :34 

i 

HL = PARAMETER ADDRESS 



3 l: '5 

; DESCRIPTION; 




.3 1 36 

; THIS 

ROUTINE ASKS THE USER TO ENTER A NUMBER 



3 1 ft 7 

; FIRST A MENU FRAME IS 

CREATED, USING THE STRING 



3 1 88 

; POINTED AT 

BY DE AS A 

TITLE. THE STRING 'ENTER' 


* 

3:189 

IS DISPLAYED, FOLLOWED 

BY THE PROMPT STRING. 


4 

.: 1 90 

, GETNUM IS 

THEN CALLED 

TO INPUT THE NUMBER. FEEDBACK 


? 

; 1 • ‘ l 

i IS PROVII.HD IN DOUBLE 

SIZED CHARACTERS. 




: Lv 

*, NOTH; 

#* THIS ROUTINE USES 

; TWO SYSTEM LEVELS AND THE AL 

DC FI": 

15 

3 1 98 

MGEIP: 

PUSH AF ; 

SAVE NUMBER OF DIGITS 

OCR: 

P5 

3194 


PUSH HL 


OOFD 

C5 

3195 


PUSH BC 


OCFF 

CD190D 

3 1 96 


CALL MNCLR 


0D01 


3197 


SYSSUK STRDIS i 

DISPLAY 'ENTER' 

0D03 

OS 

3 1 98 


DEFD 8 


0004 

70 

3199 


DEFB 32. 


ono t5 > 

09 

3200 

■ 

DEFB 1001B 


on 06 

B70D 

3201 


DEFW ENTSTG 


onoa 

FI 

' 3202 


POP HL 


0009 


3203 


SYSTEM STRDIS i 

DISPLAY WHAT TO ENTER 

ODOD 

El 

3204 


POP HL 


ODOC 

FI 

3205 


POP AF 


onon 

<17 

3206 


LD B, A 


on of 

r rr i 

3207 


SET 6 ,C i 

SET LARGE CHARS 

on i o 


3208 


XYRELL DE, 48, 48 ; 

LOAD FEEDBACK ADDRESS 

on! 9 


3 209 


SYSTEM GETNUM ; 

GET NUMBER 

on 1 5 


32 10 


SYSSUK PAWS i 

LET USER READ IT 

on i 7 

.'■< r 

87 1 1 


DEFB 15 


on 1 

r; * 

37 1 2 


RET 




3.3 1 8 

: SUBROUTINE TO CLEAR SCREEN FOR MENU AND THROWUP TITLE 

O! i 1 9 

rr; 

32 1 4 

MNCLR: 

PUSH DE 
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on i a 


3213 

SYSSUK FILL 

on t r 

1 •> >" 0 

32 16 

DEFW NORMEM 

on i r- 

I .:' « • 1 

3217 

DEFW 11*BYTEPL 

on;o 

| ,n 1 

■“* v 1 O 

JL 

DEFB 0 

ore i 


3219 

SYSSUK FILL 

OP "3 

r-:: ; ! 1 

3220 

DEFW NORMEM+ ( 11*BYTEPL > 

0025 

43on 

3221 

DEFW (NOLINE-11)*BYTEPL 

on 27 

r:* r* 

- i * 

2 > / / 

-j._ .» - . 

DEFB 55H 

r*n 23 

n 

'"V if-'.* 
v.«y / * 

POP HL 

op 


3224 

XYRELL DE,24,0 ; TITLE 

on;r 

nr ■ 1 

3225 

LD C, 01003 

oP2E 


*2 -“V A 
*:.0 

♦. 

SYSTEM STRDIS 

OP 30 

i 

3227 

RET * 


-i^/v 

3730 

3231 

3232 

•*.' 7 

3234 


■-*' • / 
;:233 

r!'/j9 
3240 
324 1 
3242 
324 3 
3244 
:/15 


NAME: GET NUMBER 

INPUT: B = DISNUM OPTIONS 

C - CHRDIS OPTIONS FOR FEEDBACK 

DE = COORDINATES OF FEEDBACK AREA 
ML = ADDRESS OF WHERE TO STASH NUMBER 
DESCRIPTION: THIS ROUTINE CAN INPUT A NUMBER FROM 

EITHER THE KEYBOARD OR THE HAND CONTROL. KEYBOAR 
ENTRY PROCEEDS CONVENTIONALY. GETNUM EXITS 
WHEN THE EQUALS KEY IS PRESSED OR THE REQUIRED NU 
; OF DIGITS IS ENTERED 

PLAYER ONE HAND CONTROL MAY ALSO BE USED 
ENTER A NUMBER. TO USE THIS OPTION, PULL THE TRI 
THEN ROTATE THE POT UNTIL THE NUMBER YOU WISH TO 
ENTER IS SHOWN IN THE FEEDBACK AREA. PULL THE TR 
AGAIN TO REGISTER THE ENTRY. IF DURING THIS PROC 
THE KEYBOARD,I_S USED - KEYBOARD INPUT WILL OVERRI 
THIS IS DONE TO PREVENT SOME BIMBO FROM CONFUSING 




V46 

> 

LARRY LESLE. 




op| 

no 

3247 

MOL f N: 

EXX 




OP 32 

C09900 

3213 


CALL CLRNUM 

i 

CLEAR THE NUMBER 


OP 35 

4F 

3249 


LD C, A 

i 

SET ZERO DIGITS IN 

- POT 

Oj'i 3:6 

FP7E07 

3250 

MGETN1: 

LD A.(IY+CBB) 

i 

ENTRY COMPLETE? 


on so 

A 9 

3251 

* 

XOR C 




on -.A 

F63F - 

2 “'57 


AND 3FH 




r.p -:f 

r 

■7* 7 O 

o- 


RET Z 

i 

QUIT IF SO 


op-:n 

2 1360D 

3254 


LD ' HL,MGETN1 




on 40 

F 5 

3255 


PUSH HL 




OP 4 1 


3256 


SYSTEM RANGED 

• 

, 

RANDOMIZE WHILE WE 

WAIT 

0D43 


3257 


SYSSUK SENTRY 




0D4r. 

OF: 00 

3258 


DEFW NUMBAS 




0P47 


3259 


SYSSUK DOIT 




OP 4 ‘ ’ 

iron 

3260 


DEFW GNUMDO 




OP 41: 


3261 


RET 

i 

NOTHIN - LOOP ON SENTRY 

Op.ir 


A 

» X- O dlT. 

GNUMDO 

JMP SKYD,MGETN6 




on *i • 


3263 


JMP STO,MGETN2 




ore.; 


3264 


JMP SPO,MGETN3 





ENAB 


3265 

3266 


** NEXT INSTRUCTION MAKES GOOD LIST TERMINATOR. SO WE U 
TRIGGER ROUTINE 


on t v > 

i n/.o 

3267 

MGETN2: BIT 

4, B 

♦ 

, 

0-1 TRANS? 

0P5 * 

r. ; 

3263 

RET 

Z 

} 

NO - IGNORE 

0P53 

-1 

3269 

LD 

A, C 




:C 

3270 

INC 

A 

i 

ARE WE ALREADY IN POT MODE? 


, .■■ < -. f. 

. * - •» i 

3271 

JR 

Z,MGETN9-$ 

i 

YEP -JUMP TO EXIT 

0P5i 

* i . , •/ 

3272 

BIT 

7, C 

i 

POT LEGAL? 

onm 

t •"> 

32 73 

RET 

NZ 

• 

, 

NO - IGNORE 

ori5 f 

“l-H 

3274 

LD 

C,OFFH 

i 

SET POT FLAG 



3275 

i POT ROUTINE 



on. i 

■ € , 

3276 

MGETN3: LD 

A, C 

♦ 

» 

QUIT IF NOT IN POT MODE 

op/ 

\l 

3277 

INC 

A 



Op/ “ 

1 

3278 

RET 

NZ 





3279 

; HOW MANY DIGITS? 



OflAl 

r •: 

3280 

EXX 


* 

t 

TO NORMAL SET 

on//' 

• f 

3281 

LD 

A, B 

i 

SNATCH DIGITS 

on/. . 

re* 

3232 

EXX 




on/- ' 

i 1 ... 1 

■“/ O ■ V 

CP 

1 

i 

1 PRAY TELL? 

00/ 9* 

• *»A 

3284 

LD 

B, 10 



OP/ T: 


3285 

JR 

Z,MGETN4-* 

* 

, 

JUMP IF GOOD GUESS 

op/ n 

• «■ .,.4 

3286 

LD 

B, 100 

# 

WRONG! 

op/l 

10:1, 

3287 

MGETN4: IN 

A, <PGTO) 

i 

GET CURRENT POT VALUE 

ore i 

1 


LD 

D, A 

* 

, • 

RANGE IT 


www.FreePatentsOnline.com 




4 , 301,503 


291 


on •' 

*«} 

"989 

XOR 

A 

on 7 

• 1 

: ./vO 

LD 

E, A 

nr*7 i 

- • 

3291 

LD 

H, A 

nr»7 r - 

• 

:: 9 99 

MGETN5; ADD 

HL, DE 

op" 

i j . .. . 

8/98 

ADC 

A, 0 

on * 


3/94 

DAA 


or*"* 

i - ■; a 

8295 

DJNZ 

MGETN5-* 

or*7i. 

i* • 

4/96 

EXX 


or»7i 

* f 

3/97 

LD 

< HL >,A 

opvn 

1 14 

3/98 

JR 

MGETN8-* 

oo7r 


4999 

i KEYBOARD ROUTINE 

< •« 

3 400 

MGETN6; INC 

C 

opoo 


8301 

JR 

NZ#MGETN7 

opo;- 

t 1 i ' ■< *o 

: :Oy 

CALL 

CLRNUM 

< i||: :*. 

4 <1 

: .n ; 

INC 

C 

< ■!»: 

J 1-1 W 

r :u-| 

Mi4. IN/: Shi 

7* C 

r*r»:';: _ : 


3, ;< »* i 

SYSTEM KCTASC 

on on 

r-f on 

3806 

CP 


ODBC 

98 03 

3307 

JR 

1> MGETN9- 

00817 

F60F 

3308 

AND 

OFH 

0090 

09 

3309 

EXX 


009 1 


3310 

SYSTEM SHIFTU 

009 "• 

l» , i 

331 1 

MGETN8: PUSH 

DE 

0P94 


331 2 

SYSTEM DISNUM 

* 


3313 

i ENTER HERE 

FOR EQUAL 

0096 

01 

3314 

MGETN9: POP 

DE 

0097 

09 

3315 

EXX 


0098 


3316 

RET 
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i ADD EVERY PARRY JO AC 


i BACK TO NORMAL SET 


i POT MODE? 
i JUMP IF NOT 

i SET ONE DIGIT SO FAR 
i SET TOT LOCKOUT 

i EQUALS TYPED? 
i QUIT IF EQUALS 


i SHIFT DIGIT UP 

TRIGGER EXIT TO THROW OUT RETUR 
i BACK TO NORMAL 


3 ? 18 


orr v 

i * 

‘ j 1 9 1 1 • *• 

? .:•« ' 

CLRNUM: PUSH 

BC 

1 

i 

3 9/0 

EXX 


<Vi : 

r* 

48/ 1 

PUSH 

HL 

Olr f 


3 8 2’2 

LD 

A# B 

on n 

* 

2 -.T" 

INC 

A 

Oil -r 

f i 

38? 4 

AND 

3EH 

on r.f. 

1 i 

39/5 

RRA 


OTi/.l 

r- 

O “.• >/. 

N_ ■ . < ,■ f_l 

EXX 


f'T i,'. ~ 

) 

■ jiC. / 

LD 

C, A 

04 i O 

t i 


XOR 

A 

ore, \ 

1 

33? y 

LD 

B, A 

onr/. 

i : ' 

3‘>- JO 

POP 

DE 

or,,.* 


■:« > i 

j 

SYSTEM FILL 

Oi'G'9 

l' 

9' 3">' / 

POP 

EC 

OPA*"' 

» 

1* ' 4 

•. .* •«.“« /*« / 

RET 




j r:* 

. *►., * .. f 

, NAME: 

SHU 



,fc '» < f 

„ l.. % 9i f"» 

; INPUT: 

A = 



3337 

# 

B = 



9_i ■*“' ^ ’■ •“* 
9|*"| 

i 

HL * 

Oil/, A 

r * 

33 99 

.MSHFTU: PUSH 

AF 

011,‘ »?: 


3340 

LD 

A# B 

nnr.f 

, i 

334 I 

INC 

A 

r.f.r.'t 

f i 

3 34 

AND 

3EH 

i *r*i >i 

i 

.>84 

LD ■ 

B, A 

O! !l :< - 

i 

3 M 4 

POP 

AF 

Of iO I 

f i 

33-15 

SHFTUI: RLD 


OOi • : 

• 

3 v|:. 

INC 

HL 

o«r -i 

j . * 

9.: 1 

* DJNZ 

SHFTU1- 

or ,i /. 

1 

3 : 

RET 



i TO NORMAL SET 


LIEU HARP MEMORIAL PATCH#2 
BACK TO ALTERNATE SET 


opi ■"* 

v :i 94 45 

3 ISO 

ENTSTG: 

DEFM 

O0I li 

i u 

: :M 


DEFG 

* 4H 1 

1 , ,« * 1 

« •« 4 

* 1 1/ 

i Ml. 

DF 1 U 

i ii ii «, 

1, .‘tl 

4 % t 

« < «, .l 


LU 1 W 

Oil! 

. : 3 . 

8 :54 


Dtl'-W 

one 4 

I'M'X'iO 

3355 

SCBL. : 

DEFW 

one 

1: ‘-*0D 

3356 


DEFW 

ODC.: 7 : 

1 9 OF 

3357 


DEFW 

Of'trA 

4/354F46 

5 r 1 *2' 

PNGF: 

DEFM 


ENTER ' 

0 

CALCL 

PNCM 

CMSTRT i CHECKMATE START 

0 

PNSCB 
SCBST 
'GUNFIGHT' 
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onr 7 

Oi . 3359 


DEFB 

0 

nriiv: 

\ :«|:':4S43 3360 

PNCM: 

DEFM 

'CHECKMATE' 

1'ifii it 

O" 3361 

* 

DEFB 

0 

onnn 

\ M14C43 3362 

PNCALC: 

DEFM 

'CALCULATOR' 

our 7 

On 3363 


DEFB 

0 

onFtf 

53435249 3364 

F'NSCE: 

DEFM 

'SCRIBBLING' 

ODF? 

On 3365 


DEFB 

0 

OPiF’: 

5:154045 3366 

GAMSTR: 

DEFM 

'SELECT GAME' 

onrr 

3367 


DEFB 

67H 

onrr 

> . * i / t "1 


DEFB 

8 

OFT'* * 

♦ 1 “• »‘ ■» 


DEFB 

88 

i'Ti - ^ 



DEFB 

noiB 

or 1 ■ 

-.1 :/v;o /1 


DEFM 

<C) BALLY MFG 

or i i 

„ , ’2 -■ ’ ? ■ 7 

■ i w 


DEFB 

0 

OF 1 ' 

* 7 “p 


END 


OT.V 

i HOI FR FRFO 

RS = 

0 



•: ’ <n>- 
:rrt( *- 

* < ! *!l | ;| | 


r 

What is claimed is: 

1. A system for providing a display signal to a raster 25 
scan display for displaying thereon a matrix of discrete 
picture elements, each picture element being defined as 
a line segment of a horizontal line on the display, the 
system comprising: 

a random access display memory having a unique stor- 
age location for each discrete picture element of the 
display for storage of digital memory data signals 
representative of the picture elements of the display; 
a processor comprising means for receiving a plurality 
of groups of picture element signals, each picture ^ 
element signal comprising a memory address signal 
and a memory data signal which together correspond 
to one particular picture element of the display, each 
group of picture element signals corresponding to a 
plurality of picture elements representing a symbol ^ 
located at a predetermined location on the display, 
said processor generating control signals; 
first addressing means for sequentially and repetitively 
addressing the storage locations of the display mem¬ 
ory, reading the memory data signals stored therein, 
and supplying the display signal to the display for 
displaying thereon the picture elements representa¬ 
tive of the memory data signals stored in the display 
memory; 

video processing means operatively coupled to the pro- 
cessor for receiving therefrom both said picture ele¬ 
ment signals and said control signals, said control 
signals activating the video processing means for 
transforming a group of picture element signals to 
produce a transformed group of picture element sig- 55 
nals so that a symbol as displayed on the display 
corresponding to the transformed group of picture 
element signals is different than a symbol as displayed 
on the display corresponding to the original group of 
picture element signals; and 
transfer means fbr transferring picture element signals 
from the video processing means to the display mem* 
ory whereby memory data signals corresponding to 
said picture element signals are stored in memory 
locations of the display memory as determined by the 
memory address signals corresponding to said picture 
element signals, said transfer means for transferring 
the transformed group of picture element signals 
from the video processing means to the display mem¬ 


ory without processing the transformed group of 

picture element signals with the processor. 

2 . The system of claim 1 further comprising third 
addressing means for addressing the display memory 
under the direction of the processor reading memory 
data signals stored therein in selective storage locations 
and transfening said memory data signals to the video 
processing means. 

3. The system of claim 2 wherein the video process¬ 
ing means includes means for performing a logical OR 
function with picture element signals from the proces¬ 
sor and picture element signals corresponding to mem¬ 
ory data signals stored in the display memory. 

4. The system of claim 3 wherein the video process¬ 
ing means includes means for performing an exclusive- 
OR function with the picture element signals from the 
processor and the picture element signals correspond¬ 
ing to memory data signals stored in the display mem¬ 
ory. 

5. The system of claim 4 wherein the OR means and 
the exclusive-OR means comprise a programmed logic 
array having a plurality of input lines operatively con¬ 
nected to the processor for receiving control signals 
therefrom, a plurality of input lines operatively con¬ 
nected to the processor for receiving picture element 
signals therefrom, a plurality of input lines operatively 
connected to the display memory for receiving picture 
element signals therefrom and, a plurality of output 
lines, a plurality of pull-down transistors selectively 
coupling the input lines of the programmed logic array 
to the output lines of the programmed logic array, and 
a plurality of OR gates having inputs selectively con¬ 
nected to the output lines of the programmed logic 
array and outputs operatively connected to the display 
memory so that picture element signals from the proces¬ 
sor can be ORed or exclusive-ORed with picture ele¬ 
ment signals from the display memory in response to 
control signals from the processor. 

6 . The system of claim 5 wherein the video process¬ 
ing means further comprises a register for storing con¬ 
trol signals representative of whether the OR or exclu¬ 
sive-OR function are to be performed, the register hav¬ 
ing outputs operatively connected to the input lines of 
the programmed logic array for receiving control sig¬ 
nals. 
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7. The system of claim 2 wherein the video process¬ 
ing means includes means for performing a logical ex- 
clusive-OR function with the picture element signals 
from the processor and picture element signals corre¬ 
sponding to memory data signals stored in the display 
memory. 

8. The system of claim 1 wherein the video process¬ 
ing means includes means for rotating the picture ele¬ 
ment signals of a group of picture element signals rela¬ 
tive to each other to produce rotated picture element 
signals, whereby the picture elements represented by 
the rotated picture element signals are displayed rotated 
relative to each other. 

9. The system of claim 8 wherein the group of picture 
element signals is represented by a sequence of picture 
element signals transmitted by the processor, the rotat¬ 
ing means comprising a shift register for storing the 
sequence of picture element signals, a programmed 
logic array having a plurality of input lines connected to 
outputs of the shift register and a plurality of output 
lines, a plurality of pull-down transistors selectively 
coupling the input lines of the programmed logic array 
to the output lines of the programmed logic array, a 
plurality of transistor switches having gates and having 
inputs selectively connected to the output lines of the 
programmed logic ar$ay, and outputs operatively con¬ 
nected to'the display memory, the rotating means fur¬ 
ther comprising means operatively connected to the 
gates of the transistor switches for selectively activating 
the transistor switches to produce a sequence of rotated 
picture element signals at the outputs of the transistor 
switches such that the picture elements signals repre¬ 
sented thereby appear rotated relative to the picture 
elements represented by the sequence of picture ele¬ 
ment signals transmitted by the processor. 

10. The system of claim 9 wherein the processor has 
means for addressing the display memory to store a 
sequence of memory data signals which correspond to 
rotated picture element signals, the means for selec¬ 
tively activating the transistor switches comprising a 
second programmed logic array having a second plural¬ 
ity of output lines selectively connected to the gates of 
the transistor switches, an input line operatively con¬ 
nected to the processor for receiving control signals 
therefrom, a second plurality of input lines, and a plural¬ 
ity of pull-down transistors selectively coupling the 
second input lines of the second programmed logic 
array to the second output lines of the second pro¬ 
grammed logic array, the activating means further com¬ 
prising a counter for counting an address by the proces¬ 
sor of the display memory, an output of the counter 
being selectively connected to the second plurality of 
input lines of the second programmed logic array so 
that with an address of the display memory by the pro¬ 
cessor a selected group of picture element signals stored 
in the shift register is conducted through the transistor 
switches whereby memory data signals corresponding 
thereto are stored in the display memory. 

11. The system of claim 10 wherein the video pro¬ 
cessing means comprises a register operatively con¬ 
nected to the processor for storing control signals 
which represents whether a group of picture element 
signals of the processor are to be rotated, the register 
having an output operatively connected to the input line 
of the second programmed logic array for transmitting 
control signals thereto. 

12. The system of claim 1 wherein the picture ele¬ 
ments are displayed in horizontal lines, the video pro- 
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cessing means further having a line register operatively 
connected to the processor for storage of control signals 
representing a particular element line, a line counter 
operatively connected to the first addressing means for 
generating line counter signals corresponding to the 
horizontal line of picture elements being read by the 
first addressing means, means for comparing the control 
signals from the line register and the line counter signals 
and for supplying a first comparing signal when the 
signals have a predetermined relationship, and interrupt 
means for providing an interrupt signal to the processor 
in response to the first comparing signal. 

13. The system of claim 12 wherein the video pro¬ 
cessing means further has a position register operatively 
connected to the processor for storage of control signals 
representing a picture element position, a position 
counter operatively connected to the first addressing 
means for generating position counter signals corre¬ 
sponding to the vertical position of the picture element 
corresponding to the storage location of the display 
being read by the first addressing means, means for 
comparing the control signals from the position register 
and the position counter signals, and for supplying a 
second comparing means signal when the signals have a 
predetermined relationship, the interrupt means also 
being responsive to the second comparing means signal 
to supply an interrupt signal to the processor, the inter¬ 
rupt means further having means for supplying condi¬ 
tion indicating signals indicative of alternative condi¬ 
tions including the occurrence of a light pen signal and 
the occurrence of the first or second comparing means 
signals, the processor being responsive to an interrupt 
signal to input the condition indicating signals and also 
being responsive to condition indicating signals indica¬ 
tive of a light pen signal to input the line counter and 
position counter signals. 

14. The system of claim 13 wherein the control sig¬ 
nals from the processor include interrupt means enable 
signals, the interrupt means of the video' processing 
means further having a second register for storage of 
interrupt means enable signals, the interrupt means 
being responsive to the interrupt means enable signals 
so that the interrupt means is responsive to the light pen 
signal and the first and second comparing means signals 
only when enabled. 

15. The system of claim 13 wherein the qontrpl sig¬ 
nals include interrupt means mode signals indicating 
alternative modes of operation including a first mode 
and a second mode, the processor having means for 
supplying an interrupt acknowledge signal in response 
to an interrupt signal and means for executing a se¬ 
quence of instructions, the interrupt means further hav¬ 
ing a second register for storage of the interrupt means 
mode signals and means for controlling the duration of 
the interrupt signal in response to the interrupt means 
mode signal and an interrupt acknowledge signal so that 
the interrupt signal is stopped if the interrupt signal is 
not acknowledged by the next instruction in the first 
mode and the interrupt signal continues in the second 
mode. 

16. The system of claim 1 wherein the video process¬ 
ing means includes means for shifting the picture ele¬ 
ment signals of a group of picture element signals rela¬ 
tive to each other to produce shifted picture element 
signals, whereby the picture elements represented by 
the shifted picture element signals are displayed shifted 
relative to each other. 
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17. The system of claim 16 wherein the shifting means 
comprises a programmed logic array having a plurality 
of input lines operatively connected to the processor for 
receiving the picture element signals therefrom, a plu¬ 
rality of output lines operatively connected to the dis- 5 
play memory for supplying picture element signals 
thereto, a plurality of pull-down transistors for selec¬ 
tively coupling the input lines to the output lines, a 
second plurality of input lines operatively connected to 
the processor for receiving control signals therefrom, 10 
and a plurality of pull-down transistors selectively cou¬ 
pling the second plurality of input lines to the output 
lines so that the picture element signals on the output 
lines can be shifted in relation to the picture element 
signals on the input lines in response to the control 15 
signals from the processor. 

18. The system of claim 17 wherein the video pro¬ 
cessing means comprises a register operatively con¬ 
nected to the processor for storing the control signals 
which represent the amount of shifting to be performed, 20 
the register having outputs connected to the input lines 

of the programmed logic array for applying the control 
signals thereto, 

19. The system of claim 1 wherein the video process¬ 

ing means includes means for interchanging the picture 25 
element signals of a group of picture element signals 
relative to each other to produce interchanged picture 
element signals, whereby the picture elements repre¬ 
sented by the interchanged picture element signals are 
displayed interchanged relative to each other. 30 

20. The system of claim 19 wherein the interchanging 
means comprises a programmed logic array having a 
plurality of input lines operatively connected to the 
processor for receiving the picture element signals 
therefrom, a plurality of output lines for picture element 35 
signals, a plurality of pull-down transistors for selec¬ 
tively coupling the input lines to the output lines, a 
plurality of transistor switches having gates and having 
inputs selectively connected to the output lines of the 
programmed logic array and outputs operatively con- 40 
nected to the display memory, said programmed logic 
array also having an input line operatively coupled to 
the processor for receiving the control signals there¬ 
from and selectively coupled to the gates of the transis¬ 
tor switches so that picture element signals can be inter- 45 
changed relative to the picture element signals on the 
input lines in response to the control signals from the 
processor. 

21. The system of claim 20 wherein the video pro¬ 

cessing means comprises a register operatively con- 50 
nected to the processor for storing the control signals 
which represents whether the picture element signals 
are to be interchanged, the register having an output 
connected to the input lines of the programmed logic 
array for the control signals. 55 

22. The system of claim 1 further comprising player 
operated means including input elements adapted to be 
operated by a player, and signal means actuated by the 
input elements for enabling interaction of the player 
with the symbols on the screen, the player operated 6° 
means operatively connected to the processor to trans¬ 
fer input signals thereto. 

23. The system of claim 22 wherein the processor 
comprises means for performing calculations based on 
the input signals, said processor containing means for ^ 
generating groups of picture element signals indicative 

of the input signals and said calculations, whereby said 
groups of picture element signals are transferred to 
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update the display memory so that symbols indicative of 
said picture element signals are provided on said dis¬ 
play. 

24. The system of claim 1 wherein said display has a 
screen on which the picture elements are presented and 
each picture element displayed has a horizontal and 
vertical position, the system further comprising a light 
pen for positioning adjacent to the screen and for sup¬ 
plying a signal when a select picture element in physical 
proximity to the light pen is presented, the video pro¬ 
cessing means further having horizontal and vertical 
picture element position counters for generating signals 
corresponding to the horizontal and vertical positions 
of the select picture element, and interrupt means re¬ 
sponsive to the light pen signal to supply an interrupt 
signal to the processor, the processor being responsive 
to the interrupt signal to input the horizontal and verti¬ 
cal position signals whereby the horizontal and vertical 
position of the picture element in physical proximity to 
the light pen may be input to the processor. 

25. The system of claim 24 wherein the interrupt 
means of the video processor further has a horizontal 
feedback register for latching up the horizontal position 
signals of the horizontal position counter in response to 
a signal, a vertical feedback register for latching up the 
vertical position signals of the vertical position counter 
in response to a signal, and means for providing a signal 
to the vertical and horizontal feedback registers in re¬ 
sponse to the light pen signal so that signals correspond¬ 
ing to the horizontal and vertical position of the select 
picture element in physical proximity to the light pen 
may be latched up in the horizontal and vertical feed¬ 
back registers and the processor may input the horizon¬ 
tal and vertical position signals latched up in the hori¬ 
zontal and vertical feedback registers in response to the 
interrupt signal. 

26. The system of claim 1 wherein a plurality of digi¬ 
tal picture element signals represent each picture ele¬ 
ment, the video processing means further comprising 
means for selectively performing a plurality of transfor¬ 
mations to the picture element signals in response tp the 
control signals for each digital picture element signal of 
the plurality of picture element signals to produce trans¬ 
formed picture element signals representative of trans¬ 
formed picture elements. 

27. The system of claim 1 wherein a picture element 
is represented by a first and second memory data signal 
each comprising a bit of digital data, the processor hav¬ 
ing means for supplying a plurality of memory data 
signals at a time representing a plurality of picture ele¬ 
ments, and the video processing means comprising 
means for performing a plurality of transformations to 
the first of each picture element represented by the 
plurality of digital data bits and a second means for 
performing a plurality of transformations to the second 
bit of each picture element. 

28. The system of claim 1 wherein the video process¬ 
ing means comprises a register operatively connected to 
the processor for storage of the control signals identify¬ 
ing a particular transformation to be performed. 

29. The system of claim 1 wherein the video process¬ 
ing means includes a programmed logic array having a 
plurality of inputs operatively connected to the proces¬ 
sor and a plurality of outputs operatively connected to 
the display memory for modifying the group of picture 
element signals in response to the control signals. 

30. The system of claim 1 wherein the memory data 
signals stored in the display memory are encoded at a 
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first level identifying bits of a register within the system, 
the video processing means including means for decod¬ 
ing the picture element signals corresponding to said 
memory data signals to signals representative of picture 
elements at a second level, the decoding means compris- 5 
ing a register having a plurality of bits for providing 
digital signals from the register bits representative of 
picture elements at the second level in response to the 
picture element signals identifying particular register 
bits. 10 

31. The system of claim 1 further comprising second 
addressing means for addressing the display memory, 
under the direction of the processor, reading memory 
data signals stored therein in selective storage locations, 
and transmitting said memory data signals from the 15 
display memory to the processor. 

32. A system for providing a display signal to a raster 

scan display for displaying thereon a matrix of discrete 
picture elements, the system comprising: 2Q 

a random access display memory having a unique stor¬ 
age location for each discrete picture element of the 
display for storage of digital memory data signals 
representative of the picture elements of the display; 

a processor containing means for receiving a plurality ^ 
of groups of picture element signals, each picture 
element signal comprising a memory address signal 
and a memory data signal which together correspond 
to one particular picture element of the display, each 
group of picture element signals corresponding to a 
plurality of picture elements representing a symbol 
located at a predetermined location on the display, 
said processor generating control signals, said control 
signals including background data signals representa¬ 
tive of background picture elements; ^5 

first addressing means for sequentially and repetitively 
addressing the storage locations of the display mem¬ 
ory, reading the memory data signals stored therein, 
and supplying the display signal to the display for 
displaying thereon the picture elements representa- ^ 
tive of the memory data signals stored in the display 
memory; 

transfer means for transferring picture element signals 
from the processor to the display memory whereby 
memory data signals corresponding to said picture 45 
element signals are stored in memory locations of the 
display memory as determined by the memory ad¬ 
dress signals corresponding to said picture element 
signals; and 

background signal means having a register operatively 50 
coupled to the processor for receiving therefrom 
background data signals for storage therein, and op¬ 
eratively connected to the first addressing means for 
supplying the background data signal thereto, the 
background signal means including selector means ^ 
operatively coupled to the first addressing means and 
the register for substituting the background data sig¬ 
nals stored in the register for memory data signals 
when the first addressing means addresses select stor- 
age locations of the display memory whereby the first 
addressing means supplies the display signal to the 
display representative of the background data signal 
when the first addressing means addresses the select 
memory locations of the display memory. 65 

33. The system of claim 32 wherein the picture ele¬ 
ments are presented in lines of picture elements by said 
display, the background signal means having a line 


counter operatively connected to the first addressing 
means for storage of a line counter signal indicating the 
number of the picture element line being presented, a 
line register for storing a line register signal indicative 
of a line number and comparing means operatively 
connected to the line counter and the line register for 
comparing the line register signal stored in the line 
register with the line counter signal indicated by the line 
counter, the selector means being responsive to the 
comparing means to select between the background 
data signals stored in the background register and the 
background data signals in the display memory in ac¬ 
cordance with the comparison. 

34. The system of claim 32 wherein the picture ele¬ 
ments are presented in horizontal lines wherein each 
picture element has a horizontal position, the video 
processing means having a counter for indicating the 
horizontal position of the picture element being dis¬ 
played, and the selector means being responsive to said 
horizontal position counter to select between the mem¬ 
ory data signals stored in the background register and 
the memory data signals stored in the display memory 
in accordance with th? horizontal position of the pic¬ 
ture elements being displayed. 

35. The system of claim 32 further comprising second 
addressing means for addressing the display memory 
under the direction of the processor, reading selective 
memory data stored therein, and transmitting said selec¬ 
tive memory data signals from the display memory to 
the processor. 

36. A variable interrupt system for providing a dis¬ 
play signal to a raster scan display for displaying 
thereon a matrix of discrete picture elements, the system 
comprising: 

a random access display memory having a unique stor¬ 
age location for each discrete picture element of the 
display for storage of digital memory data signals 
representative of the picture elements of the display; 

a processor comprising means for receiving a plurality 
of groups of picture element signals, each picture 
element signal comprising a memory address signal 
and a memory data signal which together correspond 
to one particular picture element of the display, each 
group of picture element signals corresponding to a 
plurality of picture elements representing a symbol 
located at a predetermined location on the display, 
said processor generating control signals; 

first addressing means for sequentially and repetitively 
addressing the storage locations of the display mem¬ 
ory, reading the memory data signals stored therein, 
and supplying the display signal to the display for 
displaying thereon the picture elements representa¬ 
tive of the memory data signals stored in the display 
memory; 

transfer means for transferring picture element signals 
from the processor to the display memory whereby 
memory data signals corresponding to said picture 
element signals are stored in memory locations of the 
display memory as determined by the memory ad¬ 
dress signals corresponding to said picture element 
signals; and 

variable interrupt means operatively connected to the 
processor for receiving therefrom a control signal 
representative of a particular row of picture elements 
on the display, the variable interrupt means generat- 
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ing an interrupt signal for transmission to the proces¬ 
sor when the first addressing means addresses prede¬ 
termined memory locations of the display memory 
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which correspond to the particular row of picture 
elements, 
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